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1.9 SCOPE 


This Specification provides the mechanical, electrical, and 
functional requirements for a small computer input/output bus and 
command sets for peripheral device types commonly used with small 
computers. 


The CDC SCSI implementation includes support for multiple 
initiators, disconnect/reconnect function, self-configuring host 
software, and automatic features that relieve the host from 
knowing the physical addressing of a specific product. 


The mandatory commands listed here will be required on every CDC 
product offered as compatible with this specification. This set of 
commands 1s chosen so customer software that uses only those 
commands will maximize functionality while allowing many 
interchangeable products to be used. Future revisions of this 
specification will never delete commands or messages from the 
mandatory list, but new commands or messages may become mandatory 
mo on future products. 


. 





a 


Optional commands listed here are not guaranteed to be available on 
all CDC products. 


g Some products may use commands not documented here. As such 

m instances occur, the CDC SCSI Committee will include those 

m commands as "optional" so that implementation guidelines will be 
@ available if other new products want that function. 


m The commands described in this specification conform to the 
| a requirements of the Common Command Set (CCS) document, Rev. 4. 


2.90 APPLICABLE DOCUMENTS 


m ANSI SCSI Standard X3T9.2 
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3.0 GLOSSARY AND CONVENTICNS 
3.1 Glossary . 
Byte - This term indicates an 8-bit (octet) byte. 


Command Descriptor Block (CDB) -—- The structure used to communicate 
requests from an initiator to a target. 


Connect - The function that occurs when an initiator selects a 
target to start an operation. 


Disconnect - The function that occurs when a target releases 
control of the SCSI bus, allowing it to go to the BUS FREE phase. 


FRU (Field Replaceable Unit) - An assembly that is believed faulty 
based on test results. A value of OOH indicates either an unknown 
cause or the end of a list of Known possible causes. Non-zero 
values have product unique meanings. — 


Initiator - An SCSI device (usually a host system) that requests an 
operation to be performed by another SCSI device. 


INTERMEDIATE Status - A status code sent from a target to an 
initiator upon completion of each command in a set of linked 
commands except the last command in the set. © 


Logical Unit - A physical or virtual device addressable through a 
target. 


Logical Unit Number - An encoded three-bit identifier for the 
logical unit. 


LSB - Least significant byte. 
LUN ~ Logical unit number. 

mm — Millimeter. 

ms - Millisecond. 

MSB - Most Significant byte. ‘ 
ns - Nanosecond. 

One ~ A true signal value. 


Reconnect - The function that occurs when a target selects an co 
initiator to continue an operation after a disconnect. ew 
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Reserved - The term used for bits, bytes, fields, and code values 
that are set aside for future standardization. 


SCSI Address - The octal representation of the unique address (0-7) 


' assigned to an SCSI device. This address would normally be 


assigned and set in the SCSI device during system installation. 


SCSI ID - The bit-significant representation of the SCSI address 
referring to one of the signal lines DB(7-0). 


SCSI device - A host computer adapter or a peripheral controller or 
an intelligent peripheral that can be attached to the SCSI bus. 


Signal Assertion - The act of driving a signal to the true state. 
Signal Negation - The act of driving a signal to the false state or 
allowing the cable terminators to bias the signal to the false 
State (by. placing the driver in the high impedance condition). 


Signal Release —- The act of allowing the cable terminators to bias 
the signal to the false state (by placing the driver in the high 


impedance condition). 


Status - One byte of information sent from a target to an initiator 
upon completion of each command. 


Target - An SCSI device that performs an cperation requested by an 
Initiator. 


us - Microsecond. 


Vendor Unique -—- In this specification, this term indicates bits, 
fields, or code values that are vendor specific. 


“XxH - Numbers followed by capital H are hexadecimal values. All 
other numbers are decimal values. 


zero - A false signal value. 
Editorial Conventions 


Certain words and terms used in this specification have a specific 
meaning beyond the normal English meaning. These words and terms 
are defined either in the glossary (see 3.1) or in the text where 
they first appear (e.g., initiator). Names of signals, phases, 
conditions, messages, commands, statuses. and sense keys are in all 
uppercase (@.g., REQUEST SENSE). Lowercase is used for words 
having the normal English meaning. | 
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A box (m) in the left margin indicates a difference between this 
Specification and the ANSI SCSI Standard Rev 17B. A double box 
preceding a figure title indicates that an entirely new figure 

O£© paragraph was added. A vertical line (|) in the left margin 
indicates a change from the previous revision of this specification. 


4.0 PHYSICAL CHARACTERISTICS 
This section contains the physical definition of the SCSI. The 
connectors, cables, signals, terminators, and bus timing needed to 
implement SCSI are covered. 
4.1 Physical Description 
SCSI devices are daisy-chained together using a common cable. Both 
ends of the cable are terminated. All signals are common between 
mw all SCSI devices. Four physical configurations are available: 
a e Single-ended drivers and receivers with non-shielded connectors. 
= @ Single-ended drivers and receivers with shielded connectors. _— 


sg @ Differential drivers and receivers with non-shielded connectors. 


ms e Differential drivers and receivers with shielded connectors. 

@® Single-ended and differential drivers/receivers cannot be mixed on 
@ a common SCSI bus. CDC intends to provide single-ended 

m drivers/receivers on all products with a differential option 

ms offered as required by the marketplace. 


4.2 Cable Requirements 


An ideal impedance match with cable terminators implies a cable 
characteristic impedance of 132 ohms (single-ended option) or 122 
ohms (differential option). A characteristic impedance of 90 to 
100 ohms is recommended for unshielded flat or twisted pair ribbon 
cable. A characteristic impedance greater than 90 ohms is 
preferred for shielded cables. To minimize discontinuities and | 
Signal reflections, cables of different impedances should not be 
used in the same bus. I£ shielded and unshielded cables are mixed 
within the same SCSI bus, the effect of impedance mismatch must be 
carefully considered. : 


A minimum conductor size of 28 AWG shall be employed to minimize 
moise effects and ensure proper distribution of optional terminator 
power. | 
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4.2.1 Single-Ended Cable 


A 50-conductor flat cable or 25-signal twisted-pair cable shall be 
used. The maximum cable length shall be 6.0 meters. 


A stub length of no more than 0.1 meters is allowed off the 
Mainline interconnection within any connected equipment. 


SCSI bus termination may be internal to the SCSI devices that are 
at the ends of the cable. 


4.2.2 Differential Cable 


A 50-conductor cable or 25-signal twisted-pair cable shall be 
used. The maximum cable length shall be 25 meters. 


A stub length of no more than 0.2 meters is allowed off the 
Mainline interconnection within any connected equipment. 


SCSI bus termination may be internal to the SCSI devices that are 
at the ends of the cable. | 


( 4.3 Connector Requirements 


m Both shielded and nonshielded connectors are specified. The 
nonshielded connectors are typically used for in-cabinet 

m applications. CDC products designed to meet FCC Standards as a 

m standalone box will use shielded connectors. 
Either type of connector may be used with the single- ended or 
differential drivers. 


4.3.1 Nonshielded Connectors 


The nonshielded SCSI device connector (Figure 4-1) shall be a 
50-conductor connector consisting of two rows of 25 male pins with 
adjacent pins 2.54 mm (.1 inch) apart. A shroud and header body 

m should be used. The header must accept keyed cable connectors. 


The nonshielded cable connector (Figure 4-2) shall be a 
§O0-conductor connector consisting of two rows of 25 female contacts 
with adjacent contacts 2.54 mm (.1 inch) apart. it is recommended 
that Keyed connectors be used. | 


The unshielded connector pin assignments shall be as shown in Table 
| 4—-1 for single ended drivers and as shown in Table 4-2 for 
| differential drivers. 
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4.3.2 Shielded Connectors 
| wm NOTE: This text is from Appendix D of the ANSI SCSI Standard. 


The connector shielding system shall provide a dc resistance of 
less than 10 milliohms from the cable shield at its termination 
point to the SCSI device enclosure. 


In order to support daisy-chain connections, SCSI devices that use 
shielded connectors will provide two shielded device connectors on 
the device enclosure. These two connectors may be wired 
"one-to-one" with a stub to the SCSI device's drivers and receivers 
peovided the maximum stub length is not violated. Alternatively, 
two cables may be run from the two shielded connectors to the 
drivers and receivers so that the maximum stub length is not 
violatec. The length of the cable within the device enclosure is 
included when calculating the total cable length of the SCSI bus. 


The shielded device connector (Figure 4-4) shall be a $0-conductor 
connector consisting of two rows of ribbon contacts spaced 2.16 mm 
(0.085 inch) apart. The nonmating portion of the connector is 

Shown for referance only. FCC document 68 Subpart F 68.500 should - 
be used for reference. | —_ 


The shielded cable connector (Figure 4-3) shall be a 50-conductor 
connector consisting of two rows of ribbon contacts spaced 2.16 mm 

| (0.085 inch) apart. The nonmating portion of the connector is 
Shown for reference only. 


| The connector pin assignments shall be as shown in Table 4-3 for 
Slingle-ended drivers and as shown in Table 4-4 for differential 
drivers. 
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MILLIMETERS INCHES 


DIMENSIONS 
D1 2.54 0.100 
D2* 82.380 3.260 
D3 2.54 0.100 
D4 4.83 0.190 
ps* 8.51 0.335 
Dé6* 72.64 2.860 
D7* 78.74 3.100 
D8* 13.94 0.549 
D9 4.19 0.165 
DLO 6.09 0.240 
Dll 6.60 0.260 

NOTES: 





des Fifty Contacts on 2.54 mm (0.100-inch) spacing = 60.96 mm (2.40 inch). 
2. Tolerances +0.127 mm (0.005 inch) noncumulative. 
3. Dimensions listed with asterisks (*) are shown for reference only. 





FIGURE 4-1. NONSHIELDED SCSI DEVICE CONNECTOR 


AG914 REV, 2/89 COC . Semaq = (fs 





ENGINEERING a 


CD 9 


SPECIFICATION REV 


Ese PERIPHERALS INC. 
aCoreral Data Compary 





DATE 
PAGE 12 





DIMENSIONS MILLIMETERS INCHES DIMENSIONS MILLIMETERS INCHES 


Cl 2.5400 0.100 C10* — 3.38100 QO.150 
C2 60.9600 2.400 . “iL* 1.2700 0.050 
C3 2.5400 0.100 Cl2* 6.0960 0.240 
C4 8.3570 0.329 C13 32.3850 1.275 
CS. 3.3025 . QO.130 C14 - 3.3020 0.130 
Cé 68.0720 2.680 Cis 7.4930 0.295 
C7 6.0960 © 0.240 C16 2.6670 0.105. 
Cc8* 8.1530 0.321 C17 1.6250 0.064 
Co* 13.4870 | QaS3t 3 
NOTES: 


lL. Fifty contacts on 1.27 mm (0.05-inch)* staggered spacing = 62.23 mmr. 

(2.450 inch)*. | | _ AC 
2. Tolerances +0.127 mm (0.005 inch) noncumulative. Sahe? 
3. Dimensions listed with asterisks (*) are shown for reference only. 





FIGURE 4-2. NONSHIELDED CABLE CONNECTOR 


ind 
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$6.25 Mesinuia: 2.213 | 
Fe 64.29 Minimum 2.531 Minimum 
P3u 15.24 9.800 


4 7.29 Minteum 0.287 Mialmum 
PSs 1.02 0.040 | - 
F6 4.09 Maximum 0.161 Maximum 2 

7m 5.03 0.200 | 
PSs §.19 0.240 a aa 
a) 12.04 Minimum 0.474 Minimum 
FiQm 68.45 2.693 
Pil is? *-e° is* + .2* 


3.020 
ee SES 





NOTES: 


1. Tolerances +0.127 mm (0.005 inch) noncumulative, unless specified 
otherwise. 
2. Dimensions listed with asterisks (*) are shown for reference only. 





FIGURE 4-3. SHIELDED SCSI CABLE CONNECTOR, ALTERNATIVE 2 


AGG 4 Sey. 2/83 coc Seer art mt s 


ENGINEERING SPEC 64721700 


Ee 5) de daabd tls a Ra ae | CD 9 


SPECIFICATION Sate 


PAGE 14 








TWIN CITIES DISK DIVISION 











|Dimensions Millimeters Inches 
| €1 $6.39 Mintmum 2.220 Minimum 
Fe (3) 2.62 Minimum 0.103 Minimum 
=z 3.99 Minimum 0157 Mintaunm 
5.84 Minimum 0.230 Minimum 
74.85 2.947 | 
64.29 Maximum 2.531 Maximum | 
$3.06 3.270 
= 'W3.24 0.608 | 
12.04 Maximum 0.474 Maximum | 
5.73 Maximum 0628S Maximum 
2.25 — 0.085 
1S*z 2 iS*= 2¢ 
NOTES: 
is Tolerances +0.127 om (0. 005 inch) noncumulative, unless specified 
otherwise. | (0% 


2. Dimensions listed with asterisks (*) are shown for reference only. 
. Dimension E2 to accomodate 4-40 or 6-32 threaded screws. 


FIGURE 4-4. SHIELDED SCSI DEVICE CONNECTOR, ALTERNATIVE 2 
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TABLE 4-1 SINGLE-ENDED CABLE PIN ASSIGNMENTS 
(NONSHIELDED ALTERNATIVE 1 CONNECTOR) 


SIGNAL PIN NUMBER 
~DB(0) 2 
-DB(1) 4 
-DB(2) 6 
-DB(3) 8 
-DB(4) 210 
~DB(5) 12 
-DB(6) 214 
~DB(7) 16 
-DB(P) 18 
GROUND 20 
GROUND 22 
GROUND | 24 
TERMPWR 26 
GROUND 28 
GROUND 30 

{ -ATN 32 

| GROUND 34 
~BSY 36 
-~ACK 38 
-RST 40 
-MSG 42 
-~SEL 44 
~C/D 46 
-~REQ 4g 
-1/0 50 


NOTES: 
1. All odd pins except pin 25 shall be connected to ground. Pin 25 
should be left open. Some products designed prior to the generation 
af this standard connected this pin to ground. 


2. The minus sign next to the signals indicates active low. 
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TABLE 4-2 DIFFERENTIAL CABLE PIN ASSIGNMENTS 
(NONSHIELDED ALTERNATIVE 1 CONNECTOR) 


NOTES: 


1. SHIELD GROUND is optional on some cables. 


AAGO14 REY. 2/83 COC 


| 

| 

| SIGNAL NAME. PIN NUMBER SIGNAL NAME 
| SHIELD GROUND 1, 2 GROUND 
| +DB(0) 3 4 -Dis(Q) 
| +#DB(1) 5 6 ~DB(1) 
| +DB(2) 7 g -DB(2) 
+DB(3) 9 10 -DB(3) 
+DB(4)- 11 12 -~DB(4) 
[ +DB(5) 13 14 -DB(5) 
| +DB(6) 15 16 -~DB(6) 
+DB(7) 17 18 -~DB(7) 
| +DB(P) 19 20 -DB(P) 
| DIFFSENS 21 22 GROUND 
| GROUND 23 24 GROUND 
| TERMPWR 25 26 TERMPWR 
| GROUND 27 28 GROUND 
| +ATN — 29 30 ~ATN 

| GROUND 31 32 GROUND 
| +BSY 33 34 -BSY 

| +ACX 35 36 ~ACK 
+RST 37 38 -RST 

| +MSG 39 40 ~MSG 

| #SEL 41 4&2 -SEL 

| +C/D 43 44 -C/D 

| +REQ 45 46 -REQ 

| +1/0O 47 48 -I/a 

| GROUND 49 50 GROUND 
| 

| 
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TABLE 4-3 


SIGNAL 


-DB(0) 
~DB(1) 
-DB(2) 
-~DB(3) 
-DB(4) 
-~DB(5) 
-DB(6) 
-DB(7) 
-DB(P) 
GROUND 
GROUND 
GROUND 


TERMPWR 


GROUND 
GROUND 
-ATN 
GROUND 
-BSY 
~ACK 
-RST 
-MSG 
-SEL 
-C/D 
~REQ 
-1/0 
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PIN NUMBER 
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SINGLE-ENDED CABLE PIN ASSIGNMENTS 
(SHIELDED ALTERNATIVE 2 CONNECTOR) 





1. Pins 1 through 12 and 14 through 25 shall be connected to ground. 


Pin 13 should be left open. 


2. The minus sign next to the signals indicates active low. 
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| TABLE 4-4 DIFFERENTIAL ‘CABLE PIN ASSIGNMENTS 
(SHIELDED ALTERNATIVE 2 CONNECTOR) 


ASQ14 FEV 


NOTES: 


L. SHIELD GROUND is optional on some cables. 


2/83 COC 


GROUND 


SIGNAL NAME. PIN NUMBER SIGNAL NAME 

SHIELD GROUND 1 26 GROUND 

+DB(0) 2 27 -DB(0) 

+#DB(1) 3 28 -DB(1) 

+DB(2) 4 29 -DB(2) 

+DB(3) 5 30 -DB(3) 

+DB(4) 6 31 ~DB(4) 

+#DB(5) 7 32 -DB(5) 

+DB(6) 8 33 ~DB(6) 

+DB(7) 9 34 ~DB(7) 

+DB(P) 10 35 -~DB(P) 

DIFFSENS 1 36 GROUND 

GROUND 12 37 GROUND 

TERMPWR 13 38 TERMPWR 

GROUND 14 39 GROUND 

+ATN 15 40 -ATN 

GROUND 16 41 GROUND ran 
+BSY 17 42 -BSY : 
+ACX 18 43 ~ACK ad 
+RST 19 44 -RST 

+MSG 20 45 -MSG 

+SEL 21 46 ~SEL 

+C/D 22 47 -C/D 

+#REQ 23 48  =REQ 

TsO 24 49 2170 

GROUND 25 50 
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4.4 Electrical Description 


NOTE: For these measurements, SCSI bus termination is assumed to 
be external to the SCSI device. An SCSI device may have the 
Provision for allowing optional internal termination. 


4.4.1 Single-Ended Alternative 


All assigned signals shall be terminated with 220 ohms to +5 volts 
(nominal) and 330 ohms to ground at each end of the cable. (See 
Figure 4-5.) All signals shall use open-collector or three-state 
drivers. : 


4.4.1.1 Output Characteristics 


Bach signal driven by an SCSI device shall have the following 
output characteristics when measured at the SCSI device's connector: 


Signal assertion = 0.0 V de to 0.4 V de 

Minimum driver output capability = 48 milliamps (sinking) at 
0.5 V de 

Signal negation = 2.5 V de to 5.25 V de 


4.4.1.2 Input Characteristics 


Each signal received by an SCSI device shall have the following 
input characteristics when measured at the SCSI device's connector: 


‘Signal true = 0.0 V de to 0.8 V de 

Maximum total input load = -0.4 milliamps at 0.4 MORES de 
Signal false = 2.0 V de to 5.25 V de 

Minimum input hysteresis = 0.2.V dc 
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4.4.2 Differential Alternative 


All signals consist of two lines denoted +SIGNAL and -SIGNAL. A 

Signal is true when +SIGNAL is more positive than -SIGNAL, and a 

Signal is false when -SIGNAL is more positive than +SIGNAL. All 

assigned Signals shall be terminated at each end of the cable as 
 ghown in Figure 4-6. 


NOTE: AS an option, the DIFFSENS signal of the connector is 
reserved for an active high enable for the differential drivers. 
If a single-ended receiver or terminator is inadvertently 
connected, this signal is grounded, disabling the drivers. (See 
m Figure 4-7.) {if this option is not implementated, this pin must be 
=m left open. | 


4.4.2.1 Output Characteristics 


Each Signal driven by an SCSI device shall have the following 
output characteristics when measured at the SCSI device's connector: 


VOL (Low-level output voltage) = 2.0 V maximum at IOL 
(Low-level output current) = 55 milliamps. 


VOH (High-level output voltage) = 3.0 V minimum at I08 
(High-level output current) = -55 milliamps. 


VOD (Differential voltage) = 1.0 V minimum with common-mode 
voltage ranges from -7 V de to +12 V dc. 


VOL and VOH shall be as measured between the output terminal and 
the SCSI device's logic ground reference. 


The output characteristics shall additionally conform to EIA 
RS-485~1983. 


4.4.2.2 Input Characteristics 


Each signal received by an SCSI device shall have the following 
input characteristics when measured at the SCSI device's connector: 


II (Input current on either input) = +2.0 milliamps maximun. 


NOTE: These characteristics aeiae both receivers and passive 
drivers. 


This requirement shall be met with the input voltage varying 
between -7 V de and +12 V dc, with power on or off, and with the 
hysteresis equaling 35 mv, minimun. 





The input characteristics shall additionally conform to EIA 
RS-485-1983. 
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4.4.3 Terminator Power Requirements 


6&3 8 @ 


Single-ended SCSI devices providing términator power (TERMPWR) 
shall have the following characteristics: 


VYerm = 4.0 V de to 5.25 V de 

800 milliamps minimum source drive capability 

1.0 milliamp maximum sink capability (except for the purposes 
of providing power to an internal terminator) with 1.0 amp 
recommended current limiting (e.g., a fuse). 


Differential SCSI devices providing termination power (TERMPWR ) 
shall have the following characteristics: 


VTerm = 4.0 V de to 5.25 V de 

600 milliamps minimum source drive capability 

1.0 milliamp maximum sink capability (except for the purposes 
of providing power to an internal terminator) with 1.0 amp 
recommended current limiting (e.g., a fuse). 


SCSI devices that supply terminator power shall do so through a 
diode or similar semiconductor that prevents the backflow of power 
to the SCSI device. 


CDC products will not provide terminator power to the SCSI bus for 
other devices. All products will be configurable to receive 
terminator power either from the SCSI bus (pin 26) or the CDC 
device's power source. CDC recommends that terminator power be 
provided to the SCSI bus by a host adapter device. This allows 
peripheral devices to be powered down without risking loss of 
terminator power. | 


Primary power consumption specifications for CDC products will 
assume host supplied termination power. The additional power for 
the terminator, if it must be supplied by the target power supply. 
is defined in the product specifications. 


Semtar om: 
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+5 ¥. (nominal) : 
| | 2 220 & 
- SIGNAL 


330 Hw 





FIGURE 4-5. TERMINATION FOR SINGLE-ENDED DEVICES 
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FIGURE 4-8. TERMINATION FOR DIFFERENTIAL DEVICES 
+§ V (NOM) 
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FIGURE 4-7. DIFFERENTIAL DRIVER PROTECTION CIRCUIT (OPTIONAL) 


46914 REY, 2/839 COC 


ORIVER ENABLE (HIGH) 


we 








(5) Macneric PERIPHERALS INC. E N G | N E ER N G ae eee 1700 
a Conrail Oata Compary 


C SPECIFICATION REV 


DATE 
PAGE 23 





TWIN CITIES DISK DIVISION 


4.5 SCSI Bus 


Communication on the SCSI bus is allowed between only two SCSI 
devices at any given time. There is a maximum of eight SCSI 
devices. Each SCSI device has an SCSI ID bit assigned as shown in 


@ Figure 4-8. These devices can be any combination of initiators and 
m® targets. a ae 


When two SCSI devices communicate on the SCSI bus, one acts as an 
Lnitiator and the other acts as a target. The initiator originates 
am operation and the target performs the operation. CDC SCSI 

m devices will always function as a target, but some CDC devices 

m may be able to assume the initiator role also. 


a An initiator may address up to eight peripheral devices (referred 
w to as logical units) that are connected to a target. Three sample 
system configurations are shown in Figure 4-9. 


m Bus functions are assigned to initiator or target as shown in 
m Table 4-4. 


gems Information transfers on the DATA BUS are asynchronous and follow a 
q defined REQ/ACK handshake protocol. One byte of information may be 
m transferred with each handshake. All CDC products will support 
m asyncronous transfers and some may also support syncronous 

m transfers. 





DB(7) DB(6) DB(5) DB(4) DB(3) DB(2) DB(1) DB(0) <-- DATA BUS 
| | | 


SCSI ID = 0 
| 


| 
| | 
| SCSI ID = l 
| 
| 


eee quEe @nerw ener eeeew core eae ewe! eaoowe 


| 
SCSI ID = 3 


| 
| 
| 
| 
| 
| 
| 
| SCSI ID = 4 
| 

S 


| 
| 
| 
| 
| 
| 
| 
: 
CSi TD = 5 
| 

3 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
. CSI ID = 6 
S 


CSIt ID = 7 





FIGURE 4-8. SCSI ID BITS 
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7 {2\ 
| | SCSI BUS | 
| COMPUTER | /1\ | -------------- - | CONTROLLER | ee ae ae oe 
ee ee [....| 
—_ = 
SINGLE INITIATOR, SINGLE TARGET 
| | | $CSI BUS | 
| COMPUTER | Li. 1 me mn pom mm | CONTROLLER | | | 
eee: Skee | Aree | fo... | 
| [| [| - 
| 
| 
| | | 
+—-—=<-> | CONTROLLER | | | 
| | | iaeel.. 
|_| {| 
SINGLE INITIATOR, MULTIPLE TARGET 
| scsi BUS | J 2 
| COMPUTER | /1\ | ---+----- +~----->| CONTROLLER | = |_. 
eens (err | | | [eae and | 
yl _ Pos! ewes! 
| 
| | | | | | | 
| COMPUTER | /1L\ | «--+ - +o —-> | CONTROLLER | | 
eee ee | eas | foe] | 
| - Vel [|_| 
: 
+-——-—-> | CONTROLLER | | 
| oe | J....| | 
| Paseo oe 
| 
+---->| CONTROLLER | a = ae 
| | feweel | 
| — aa 2 
| | | | z 
| COMPUTER | /1\ | --------- +-—---~ | CONTROLLER | | 
on eee: eee Pees | i temas | 
| {| |__| 
MULTIPLE INITIATOR, MULTIPLE ‘TARGET 
/i\ Host Adapter | 
/2\ Peripheral devices such as magnetic disks, tapes, printers, etc. 
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These devices may be embedded with the controller. 


FIGURE 4-9. 


SAMPLE SCSI CONFIGURATIONS 
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4.6 SCSI Bus Signals 


There are a total of eighteen signals. Nine are used for control 
and nine are used for data. (Data signals include the parity 
Signal option). These signals are described as follows: 


BSY (BUSY) - An "OR-tied" signal that indicates that the bus is 
being used. 


SEL (SELECT) - A signal used by an lnitiator to select a target OL 
by a target to reselect an initiator. 

C/D (CONTROL/DATA) - A signal driven by a target that indicates 
whether CONTROL or DATA information is on the DATA BUS. True 
indicates CONTROL. 


I/O (INPUT/OUTPUT) - A signal driven by a target that controls the 
Gircection of data movement on the DATA BUS with respect to an 

initiator. True indicates input to the initiator. This signal is 
also used to distinguish between SELECTION and RESELECTION phases. 


C. MSG (MESSAGE) - A signal driven by a target during the MESSAGE 
oe phase. 


REQ (REQUEST) - A signal driven by a target to indicate a request 
for a REQ/ACK data transfer handshake. 


ACK (ACKNOWLEDGE) - A signal driven by an initiator to indicate an 
acknowledgment for a REQ/ACK data transfer handshake. 


ATN (ATTENTION) - A signal dziven by an initiator to indicate the 
ATTENTION condition. 


RST (RESET) - An "OR-tied" signal that indicates the RESET 
condition. 


DB(7-0,P) (DATA BUS). Eight data-bit signals, plus a parity-bit 
Signal that form a DATA BUS. DB(7) is the most significant bit 
and has the highest priority during the ARBITRATION phase. Bit 
number, significance, and priority decrease downward to DB(OG). A 
data bit is defined as one-when the signal value is true and is 
defined as zero when the signal value is false. 


Data parity DB(P) is odd ~ The use of parity is a system option. 

@ All CDC products will generate parity, but must include the 

m capability to enable/disable parity detection. Parity is not valid 
during the ARBITRATION phase. 
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4.6.1 Signal Values 


Signals may assume true or false values. There are two methods of 
driving these signals. In both cases, the signal shall be actively 
driven true, or asserted. In the case of OR-tied drivers, the 
driver does not drive the signal to the false state, rather the 
blas circuitry of the bus terminators pulls the signal false 
whenever it is released by the drivers at every SCSI device. ff 
any driver is asserted, then the signal ls true. In the case of 
non-OR-tied drivers, the signal may be actively driven false, or 
negated. In this standard, wherever the term negated is used, it 
means that the signal may be actively driven false. or may be 
simply released (in which case the bias circuitry pulls it false), 
at the option of the implementor. The advantage to actively drive 
Signals false is that the transition from true to false occurs more 
quickly, and noise margins may be somewhat improved; this may 
permit somewhat faster data transfer. 


Q 


4.6.2 OR-Tied Signals 


The BSY and RST signals shall be OR-tied only. In the ordinary 
operation of the bus, these signals are simultaneously driven true 
by several drivers. No signals other than BSY, RST, and DB(P) are a 
Simultaneously driven by two o£ more drivers, and any signal other — 
than BSY and RST may employ OR-tied or non-OR-tied drivers. DB(P) 

shall not be driven false during the ARBITRATION phase. There is 

mo operational problem in mixing OR-tied and non-OR-tied drivers on 
Signals other than BSY and RST. | 


1 & 


4.6.3 Signal Sources 


Table 4-4 indicates which type of SCSI device is allowed to source 
each signal. All SCSI device drivers that are not active sources 
shall be in the passive state. Note that the RST signal may be’ 
sourced by any SCSI device at any tine. 
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TABLE 4-4 SIGNAL SOURCES 
SIGNALS 
C/D, I/O, 
BUS PHASE BSY SEL MSG, REQ ACK/ATN DB(7-0,P) 
BUS FREE None None None None None 
ARBITRATION All Winner None None SCSI ID 
SELECTION L&T Initiator None Initiator Initiator 
RESELECTION T&T Target Target Initiator Target 
COMMAND Target None Target Initiator Initiator 
DATA IN Target None Target Initiator Target 
DATA OUT Target None Target Initiator Initiator 
STATUS Target None Target Initiator Target 
MESSAGE IN Target None Target Initiator Target 
MESSAGE OUT Target None Target Initiator Initiator 


All: 


scstI 


Ga 


L&T: 


Initiator:I£ this signal is driven, 


None: The signal shall be released; 
any SCSI device. 

Winner: 
wins arbitration. 

Target: Tf the signal is driven, 


AROIg 3aFy 3789 735C 


LD; 


The signal shall be driven by all SCSI devices that are 


actively arbitrating. 


A unique data bit (the SCSI ID) shall be driven by each 


SCSI device that is actively arbitzrating; 
data bits shall be released (i.e., 


SCSI device. 


driven to the true state, 
the false state during this phase. 


The signal shall be driven by the initiator, 
- both, 


phase. 


active initiator. 


that is, 
The bias circuitry of the bus 


the other seven 
not driven) by this 


The parity bit (DB(P)) may be undriven oe 
but shall never be driven to 


target, or 


as specified in the SELECTION phase and RESELECTION 


it shall be driven only by the 


not be driven bv 


terminators pulls the signal to the false state. 


The signal shall be driven by the one SCSI device that 


active target. 


it shall be driven only by the 
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4.7 SCSI Bus Timing 


Unless otherwise indicated, the delay-time measurements for each 
SCSI device, shown in 4.7.1 through 4.7.14, shall be calculated 
from signal conditions existing at that SCSI device's own SCSI bus 
connection. Thus, these measurements (except cable skew delay) can 
be made without considering delays in the cable. 


4.7.1 Arbitration Delay (2.2 us) 


The minimum time an SCSI device shall wait from asserting BSY for 
arbitration until the DATA BUS can be examined to. see if 
arbitration has been won. There is no maximum time. 


4.7.2 Assertion Period (90 ns) 


The minimum time that a target shall assert REQ while using 
synchronous data transfers. Also, the minimum time that an 
initiator shall assert ACK while using synchronous data transfers. 


4.7.3 Bus Clear Delay (800 ns) 


, _ ed _ 
The maximum time for an SCSI device to stop driving all bus signals ated 
after: 


(1) The BUS FREE phase is detected (BSY and SEL both false for a. 
bus settle delay) 7 


(2) SEL is received from another SCSI device during the 
ARBITRATION phase. 


(3) The transition of RST to true. 


NOTE: For the first condition above, the maximum time for an SCSI 
device to clear the bus is 1200 ns from BSY and SEL first becoming 
both false. If an SCSI device raquires more than a bus settle 
delay to detect BUS FREE phase, it shall clear the bus within a bus 
Clear delay minus the excess time. | 


4.7.4 Bus Free Delay (800 ns) 


The minimum time that an SCSI device shall wait from its detection 
ef the BUS FREE phase’ (BSY and SEL both false for a bus settle 


delay). until its assertion of BSY when going to the ARBITRATION 


e 


4.7.5 Bus Set Delay (1.8 us) 


The maximum time for an SCSI device to assert BSY and its SCSI ID 
bit on the DATA BUS after it detects BUS FREE phase (BSY and SEL 


both false for a bus settle delay) for the purpose of entering the 
ARBITRATION phase. 
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4.7.6 Bus Settle Delay (400 ns) 


The time to wait for the bus to settle after changing certain 
control signals as called out in the protocol definitions. 


4.7.7 Cable Skew Delay (10 ns) 


The maximum difference in propagation time allowed between any two 
SCSI bus signals when measured between any two SCSI devices. 


4.7.8 Data Release Delay (400 ns} 


The maximum time for an initiator to release the DATA BUS signals 
following the transition of the I/O signal from false to true. 


4.7.9 Deskew Delay (45 ns) 
The minimum time required for deskew of certain signals. 


4.7.10 Hold Time (45 ns) 





The minimum time added between the assertion of REQ or ACK and the 
changing of the data lines to provide hold time in the initiatscr or 
target, respectively, while using synchronous data transfers. 


4.7.1L Negation Period (90 ns) 


The minimum time that a target shall negate REQ while using 
synchronous data transfers. Also, the minimum time that an 
initiator shall negate ACK while using synchronous data transfers. 


4.7.12 Reset Hold Time (25 us) 


The minimum time for which RST is asserted. There is no maximun 
time. 


4.7.13 Selection Abort Time (200 us) 


The maximum time that a target (or initiator) shall take from its 
most recent detection of being selected (or reselected) until 
asserting a BSY response. This timeout is required to ensure that 
a target (or initiator) does not assert BSY after a SELECTION (or 
RESELECTION) phase has been aborted. This is not the selection 
timeout period: see Sections 5.1.3.5 and 5.1.4.2 for a complete 
description. 


4.7.14 Selection Timeout Delay (250 ms, recommended) 


ange The minimum time that an initiator (or target) should wait for a 


BSY response during the SELECTION (or RESELECTION) phase before 
starting the timeout procedure. Note that this is only a 
recommended time period. The specifications for the peripheral 
devices shall be consulted for the actual timing requirements. 
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4.7.15 Transfer Period (set during a MESSAGE phase) 


The Transfer Period specifies the minimum time allowed between the 
leading edges of successive REQ pulses and of successive ACK pulses 
while using synchronous data transfers. (See Sections 5.1.5.2 and 
545345): | 


§.0 LOGICAL CHARACTERISTICS 
5.1 SCSI Bus Phases 


The SCSI architecture includes eight distinct phases: 


BUS FREE phase 
ARBITRATION phase _ 
SELECTION phase 
RESELECTION phase 
COMMAND phase \ 


DATA phase \ These phases are collectively termed the 
STATUS phase / ingormation transfer phases. 


MESSAGE phase / —_ 


The SCSI bus can never be in more than one phase at any given 
time. Unless otherwise noted in the following descriptions, 
Signals that are not mentioned shall not be asserted. 
w CDC products will support all eight phases, but will be equally 
®@ compatible with systems that do not use ARBITRATION, RESELECTION, 
mw and messages other than COMMAND COMPLETE message. 


5.1.1 BUS FREE Phase 


The BUS FREE phase is used to indicate that no SCSI device is 


actively using the SCSI bus and that it is available for subsequent 
users. 


SCSI devices shall detect the BUS FREE phase after SEL and BSY are 
both false for at least a bus settle delay. 


SCSI davies Shall release all SCSI bie signals within a bus clear 
delay after BSY and SEL become continuously false for a. bus settle 
delay. If an SCSI device requires more than a bus settle delay to 
detect the BUS FREE phase then it shall release all SCSI bus 
Signals within a bus clear delay minus the excess time to detect 
the BUS FREE phase. The total time to clear the SCSI bus shall not 
exceed a bus settle delay plus a bus clear delay. 


If the initiator detects the BUS FREE phase (except as a result of 
a RESET condition, an ABORT message, or a BUS DEVICE RESET MESSAGE) 
without first receiving a DISCONNECT or COMMAND COMPLETE message, 
it shall be considered to be an error condition. If the target 
intentionally creates this condition, the target shall: 
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1. Clear the current command,-if any, for that initiator. 


G3 

# 2. Set up REQUEST SENSE data with appropriate Sense Key and 
a Error Code if the LUN is known. 

m Whenever an initiator detects an unexpected BUS FREE, 

@ it should attempt to select and issue REQUEST SENSE 


m to determine if the previous command was: 


@ 1. Aborted with valid REQUEST SENSE data, or 
zw 2. Aborted without any valid REQUEST SENSE data. 


5.1.2 ARBITRATION Phase 


The ARBITRATION phase allows one SCSI device to gain control of the 
SCSI bus so that it can assume the role of an initiator or tarcet. 


The procedure for an SCSI device to obtain control of the SCSI bus 
ts as follows. 


1. The SCSI device shall first wait for the BUS FREE phase to 
(Cc eccur. The BUS FREE phase is detected whenever both BSY and 
4 SEL are simultaneously and continuously false for a minimum 
of a bus settle delay. (Implementers note: This bus settle 
delay is necessary because a transmission line phenomenon 
Known as a “wire-OR glitch" may cause BSY to briefly appear 
false, even though it is being driven true.) 


2. The SCSI device shall wait a minimum of a bus free delay 
after detection of the BUS FREE phase (i.e. after BSY and SEL 
are both false for a bus settle delay) before driving any 
Signal. 


3. Following the bus free delay in Step (2), the SCSI device may 
arbitrate for the SCSI bus by asserting both BSY and its own 
SCSI ID, however the SCSI device shall not arbitrate (i.e. 
assert BSY and its SCSI ID) if more than a bus set delay nas 
passed since the BUS FREE phase was last observed. 
(Implementors Note: There is no maximum delay before 
asserting BSY and the SCSI ID following the bus free delay in 
Step (2) as long as the bus remains in the BUS FREE phase. 
However, SCSI devices that delay longer than a bus settle 
delay plus a bus set delay from the time when BSY and SEL 
first become false may fail to participate in arbitration 
when competing with faster SCSI devices.) 
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4. After waiting at least an arbitration delay (measured from 
its assertion of BSY) the SCSI device shall examine the DATA 
BUS. If a higher priority SCSI ID bit is true on the DATA 
BUS (DB(7) is the highest), then the SCSI device has lost the 
arbitration and the SCSI device must release its signals and 
return to Step (1). If no higher priority SCSI ID bit is. 
true on the DATA BUS, then the SCSI device has won the 
arbitration and it shall assert SEL. Any other SCSI device 
that 1s participating in the ARBITRATION phase has lost the 
arbitration and shall release BSY and its SCSI ID bit within 
@ bus clear delay after SEL becomes true. An SCSI device 
that loses arbitration may return to Step (1). 


5. The SCSI device that wins arbitration shall wait at least a 
bus clear delay plus a bus settle delay after asserting SEL 
before changing any signals. 


NOTE: The SCSI ID bit is a single bit on the DATA BUS that 
corresponds to the SCSI device's unique SCSI address. All other 
seven DATA BUS bits shall be released by the SCSI device. Parity 
is not valid during the ARBITRATION phase. During the ARBITRATION 


phase, DB(F) may be undriven or driven to the true state, but shali 
mot be driven to the false state. 


5.1.3 SELECTION Phase 


The SELECTION phase allows an initiator to select a target for the 


purpose of initiating some target function (e.g., READ or WRITE 
command). 


NOTE: During the SELECTION phase the I/O signal shall be negated 
so that this phase can be distinguished from the RESELECTION phase. 


5.1.3.1 Non Arbitrating Systems 


In systems with the ARBITRATION phase not implemented, the 
initiator shall first detect the BUS FREE phase and then wait a 
Minimum of a bus clear delay. Then, except in certain single 
initiator environments with initiators employing the single 
initiator option (see 5.1.3.4), the initiator shall. assert the 
desired target's SCSI ID and its own initiator SCSI ID on the DATA 
BUS. After two deskew delays the initiator shall assert SEL. 
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5.1.3.2 Arbitrating Systems 


In systems with the ARBITRATION phase implemented, the SCSI device 
that won the arbitration has both BSY and SEL asserted and has 
delayed at least a bus clear delay plus a bus settle delay before 
ending the ARBITRATION phase. The SCSI device that won the 
arbitration becomes an initiator by releasing I/O. Except in certain 
Single initiator environments with initiators employing the single 
initiator option (see 5.1.3.4), the initiator shall set the DATA BUS 
to a value which is the OR of its SCSI ID bit and the target's scsi 
ID bit. The initiator shall then wait at least two deskew delays and 
release BSY. The initiator shall then wait at least a bus settle 
delay before looking for a response from the target. 


§.1.3.3 All Systems 


In all systems, the target shall determine that it is selected when 
SEL and its SCSI ID bit are true and BSY and 1/0 are false for at 
least a bus settle delay. The selected target will examine the DATA 
BUS in order to determine the SCSI ID of the selecting initiator 
unless the initiator employed the single initiator option (see 
5.1.3.4). The selected target shall then assert BSY within a 
selection abort time of its most recent detection of being selected; 
this is required for correct operation of the timeout procedure. In 
systems with parity implemented, the target shall not respond to a 
selection if bad parity is detected. Also, 1£ more than two SCSI ID 
bits are on the DATA BUS, the target shall not respond to selection. 
At least two deskew delays after the initiator detects BSY is true, 
it shall release SEL and may change the DATA BUS. 


5.1.3.4 Single Initiator Option 


Initiators that do not implement the RESELECTION phase and do not 
Operate in the multiple initiator environment are allowed to set only 
the target's SCSI ID bit during the SELECTION phase. This makes it 
lmpossible for the target to determine the initiator's SCSI ID. 


5.1.3.5 SELECTION Timeout Procedure 


A SELECTION timeout procedure is specified for clearing the SCSI 
bus. I£ the initiator waits a minimum of a selection timeout delay 
and there has been no BSY response from the target, then a CDC | 
initiator shall continue asserting SEL and shall release the DATA 
BUS. If the initiator has not detected BSY to be true after at least 
a selection abort time plus two deskew delays, the initiator shall 
release SEL allowing the SCSI bus to go to the BUS FREE phase. SCSI 
devices shall ensure that when responding to selection that the 
selection was still valid within a selection abort time of theirz 
assertion of BSY. Failure to comply with this requirement could 
result in an improper selection (two targets connected to the same 
initiator, wrong target connected to an initiator, or a target 
connected to no initiator). 
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S$.1.4 RESELECTION Phase 


© RESELECTION is a phase that allows a target to reconnect to an 
initiator for the purpose of continuing some operation that was 
previously started by the initiator but was suspended by the target 
(l.@., the target disconnected by allowing a BUS FREE phase to occur 
before the operation was complete). 


RESELECTION can only be used in PYSORS that have ARBITRATION phase 
implemented. 


5.1.4.1 RESELECTION Procedure 


Upon completing the ARBITRATION phase, the winning SCSI device has 
both BSY and SEL asserted and has delayed at least a bus clear delay 
plus a. bus settle delay. The winning SCSI device becomes a target by 
asserting the [I/O signal. That device shall also set the DATA BUS to 
a value that is the OR of its SCSI ID bit and the initiator's SCSI ID 
bit. The target shall wait at least two deskew delays and release 
BSY. The target shall then wait at least a bus settle delay before 
looking for a response from the initiator. 


The initiator shall determine that it is reselected when SEL, 1/0, ‘ee 
and its SCSI ID bit are true and BSY is false for at least a bus \ 
settle delay. The reselected initiator may examine the DATA BUS in 
Order to determine the SCSI ID of the reselecting target. 


The reselected initiator shall then assert BSY within a selection 
abort time of its most recent detection of being reselected; this is 
required for correct operation of the timeout procedure. In systems 
with parity implemented, the initiator shall not respond to a 
RESELECTION if bad parity is detected. Also, the initiator shall not 
respond to a RESELECTION if more than two SCSI ID bits are on the 
DATA BUS. 


After the target detects BSY, it shall also assert BSY and wait at 
least two deskew delays and then release SEL. The target may then 
change the I/O signal and the DATA BUS. After the reselected 
initiator detects SEL false, it shall release BSY. The target shall 
continue asserting BSY until the target is aed to relinquish the 
SCSI bus. 


NOTE: When the target is asserting BSY. a transmission line 
phenomenon Known as a "wire-OR glitch" may cause BSY to appear false 
for up to a round-trip propagation delay following the release of BSY 

by the initiator. This is the reason why the BUS FREE phase is 
recognized only after both BSY and SEL are continuously false for a 
Minimum of a bus settle delay. Cables longer than 25 meters should 
not be used even if the chosen driver, receiver, and cable provide 

adequate noise margins, because they increase the duration of the 
glitch and could cause SCSI devices to inadvertently detect the BUS 
PREE phase. 
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5.1.4.2 RESELECTION Timeout Procedure 


This RESELECTION timeout procedure is specified for clearing the SCSI 
bus during a RESELECTION phase. if the target waits a minimum of a 
selection timeout period and there has been no BSY response 

m from the initiator, then a CDC target shall continue asserting SEL 
and I/O and shall release all DATA BUS signals. If the target has 
not detected BSY to be true after at least a selection abort time 
plus two deskew delays, the target shall release SEL and I/0 allowing 
the SCSI bus to go to the BUS FREE phase. SCSi devices that respond 
to RESELECTION shall ensure that the RESELECTION was still valid 
within a selection abort time of theiz assertion of BSY. Failure to 
comply with this requirement could result in an improper reselection 
{two initiators connected to the same target or the wrong initiator 
connected to a target). 


lf RESELECTION fails, the current command will be aborted. If an 
initiator times out while Waiting to be reselected, the initiator 
should attempt to select and issue REQUEST SENSE to determine if the 
previous command is: 


LL. Still in process (busy STATUS will be returned), 
2. Aborted with valid REQUEST SENSE data, or 
3. Aborted without valid REQUEST SENSE data. 


a & 


5.1.5 Information Transfer Phases 


NOTE: The COMMAND, DATA, STATUS, and MESSAGE phases are all grouped 
together as the information transfer phases because they are all used 
to transfer data or control information via the DATA BUS. The actual 
contents of the information is beyond the scope of this section. 


The C/D, 1/0, and MSG signals are used to distinguish between the 
different information transfer phases. (See Table 5-1.) The target 
drives these three signals and therefore controls all changes from 
one phase to another. The initiator can request a MESSAGE OUT phase 
by asserting ATN, while the target can cause the BUS FREZ phase by 
releasing MSG, C/D, I/0, and BSY. 


TABLE 5-1. INFORMATION TRANSFER PHASES 








| 

IMSG _C/D 1/0 1/O| PHASE NAME DIRECTION TRA _____ COMM) | 

| oO 0) © | DATA OUT | Initiator to target \ Data | 

| Oo fe) 1 | DATA IN | Initiator from target / Phase | 

| Oo i O | COMMAND | Initiator to target ' | 

{| 0 1 L | STATUS | Initiator from target | 

(. ll 0 of * | 
A) [a Oo 2a @ | | 
— [ 1 1 O© | MESSAGE CUT | Initiator to target \ Message | 
[i221 2 |LhLUMESSAGE IN |. ftnitiator from target Phase | 





Key: O = False, 1 = True, * = Reserved for future standardization. 
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The information transfer phases use one or more REQ/ACK handshakes to 
control the information transfer. Each REQ/ACK handshake allows the 
transfer of one byte of information. During the information transfer 
phases BSY shall remain true and SEL shall remain false. 
Additionally, during the information transfer phases, the target 
Shall continuously envelope the REQ/ACK handshake(s) with C/D, I/0, 
and MSG in such a manner that these control signals are valid for a 
bus settle delay before the assertion of REQ of-.the first hz dshake 
and remain valid until the negation of ACK at the end of the last 
handshake. | 


5.1.5.1 Asynchronous Information Transfer 


The target shall contr°l the direction of information transfer by 
means of the [I/O signa... When I/O is true, information shall be 
transferred from the target to the initiator. When I/O is false, 
information shall be transferred from the initiator to the target. 


If I/O is true (transfer to the initiator), the t tqet shall first 
drive DB(7-0,P) to their desired values, delay at least one deskew 
delay plus a cable skew delay, then assert REO. DB(7-0,P) shall 
remain valid until ACK is true at the target. The initiator shall 
tread Di.(7-0.P) after REQ is true, then signal its acceptance of the 
data by asserting ACK. When ACK becomes true at the target, the | 
target may change or release DB(7-0,P) and shall negate REO. After 
REQ is false the initiator shall then negate ACK. After ACK is false 
the target may continue the transfer by driving DB(7-0,F) and 
asserting REQ, as described above. 


If I/O is false (transfer to the target) the target shall request 
information by asserting REQ. The initiator shall drive DB(7-0,P) to 
their desired values, delay at least one deskew delay plus a cable 
skew delay and assert ACK. The initiator shall continue to drive 
DB(7-0,P) until REQ is false. When ACK becomes true at the target, 
the target shall read DB(7-0,P), then negate REO. When REQ becomes 
false at the initiator, the initiator may change or release DB(7-0,P) 
and shall negate ACK. The target may continue the transfer by 
asserting REQ, as described above. 
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5.1.5.2 Synchronous Data Transfer (Optional) 





Synchronous data transfer is optional, and may be used only in the 
data phase if previously agreed to by the initiator and target 
through the message system (see SYNCHRONOUS DATA TRANSFER REQUEST 
message, 5.5). The messages determine the use of synchronous mode by 
both SCSI devices and establish a REQ/ACK offset and a transfer 
period. 


The REQ/ACK offset specifies the maximum number of REQ pulses that 
can be sent by the target in advance of the number of ACK pulses 
received from the initiator, establishing a pacing mechanism. If the 
number of REQ pulses exceeds the number of ACK pulses by the REQ/ACK 
offset, the target shall not assert REQ until the next ACK pulse is 
received. A requirement for successful completion of the data phase 
ls that the number of ACK and REQ pulses be equal. 


The target shall assert the REQ signal for a minimum of an assertion 
period. The target shall wait at least the greater of a transfer 
period from the last transition of REQ to true of a minimum of a 
negation period from the last transition of REQ to false before 
asserting the REQ signal. 


The initiator shall send one pulse on the ACK signal for each REQ 
pulse received. The initiator shall assert the ACK signal for a 
minimum of an assertion period. The initiator shall wait at least 
the greater of a transfer period from the last transition of ACK to 
true or for a minimum of a negation period from the last transition 
of ACK to false before asserting the ACK signal. 


If I/O is true (transfer to the initiator), the target shall first 
drive DB(7-0,P) to their desired values, wait at least one deskew 
delay plus one cable skew delay, then assert REQ. DB(7-0,P) shall be 
held valid for a minimum of one deskew delay plus one cable skew 
delay plus one hold time after the assertion of REQ. The target 
Shall assert REO for the minimum of an assertion period. The target 
may then negate REQ and change or release DB(7-0,P). The initiator 
Shall read the value on DB(7-0,P) within one hold time of the 
transition of REQ to true. The initiator shall then respond with an 
ACK pulse. | 


If I/O is false (transfer to the target), the initiator shall 
transfer one byte for each REQ pulse received. After receiving a REQ 
pulse, the initiator shall first drive DB(7-0,P) to their desired 
values, delay at least one deskew delay plus one cable skew delay, 
then assert ACK. The initiator shall hold DB(7-0,P) valid fore at 
least one deskew delay plus one cable skew delay plus one hold time 
after the assertion of ACK. The initiator shall assert ACK for a 
Minimum of an assertion period. The initiator shall then negate ACK 
and may change or release DB(7-0,P). The target shall read the value 
of DB(7-0,P) within one hold time of the transition of ACK to true. 
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5.1.6 COMMAND Phase 


The COMMAND phase allows the target to request command information 
from the initiator. — 


The target shall assert the C/D gigaxi and negate the I/O and MSG 
Signals during the REQ/ACK handshake(s) of this phase. 


&.1L.7 Data Phase 


The data phase is a term that encompasses both the DATA IN phase and 
the DATA OUT phase. 


5.1.7.1 DATA IN Phase 


The DATA IN phase allows the target to request that data be sent to 
the initiator from the target. 


The target shall assert the 1/0 signal and negate the C/D and MSG 
Signals during the REQ/ACK handshake(s) cf this phase. 


5 © 1 e 7 Py 2 DATA OUT Phase | pO 


The DATA OUT phase allows the target to request that data be sent 
from the initiator to the target. 


The target shall negate the C/D, I/0, and MSG signals during the 
_ REQ/ACK handshake(s) of this phase. 


5.1.8 STATUS Phase 


The STATUS phase allows the target to request that status information 
be sent from the target to the initiatoc. 


The target shall assert C/D and I/O and negate the MSG signal during 
the REQ/ACK handshake of this phase. 


5.1.9 Message Phase 


The message phase is a term that references either a MESSAGE IN, or a 
| MESSAGE OUT phase. Multiple messages may be sent during either 
phase. The first byte transferred in either of these phases shall be 
 @ither a single-byte message or the first byte of a multiple-byte 

message. Multiple-byte messages ene es be eaghey contained within a 

srngie message phase. 
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5.1.9.1 MESSAGE IN Phase 


The MESSAGE IN phase allows the target to request that messages be 
sent to the initiator from the target. 


The target shall assert C/D, I/O, and MSG during the REQ/ACK 
handshake(s) of this phase. 


5.1.9.2 MESSAGE OUT Phase 


| The MESSAGE OUT phase allows the target to request that message(s) be. 
sent from the initiator to the target. The target may invoke this 
phase at its convenience in response to the ATTENTION condition (see 
5.2.1) created by the initiator. 


The target shall assert C/D and MSG and negate I/O during the REQ/ACK 
handshake(s) of this phase. The target shall handshake byte(s) in 
| this phase until ATN goes false, unless an error occurs (see MESSAGE 
| REJECT, 5.5.2). 


If the target detects ome or more parity error(s) on the message 
byte(s) received, it may indicate its desire to retry the message(s) 
by asserting REQ after detecting ATN has gone false and prior to 
changing to any other phase. The initiator, upon detecting this 
condition, shall resend all of the previous message byte(s) sent 
during this phase. When resending more than one message byte, the 
initiator shall assert ATN prior to asserting ACK on the first byte 
and shall maintain ATN asserted until the last byte 1s sent as 
described in 5.2.1. 





If the target receives all of the message byte(s) successfully (l.e., 
no parity errors), it shall indicate that it does not wish to retry 
by changing to any information transfer phase other than the MESSAGE 
OUT phase and transfer at least one byte. The target may also 
indicate that it has successfully received the message byte(s) by 
changing to the BUS FREE phase (e.g., ABORT of BUS DEVICE RESET 
messages). | 





m Only the following combinations of messages will be accepted during 
@ the same MESSAGE OUT transfer (and only immediately after SELECTION): 
a L. IDENTIFY message followed by ABORT message 
2. IDENTIFY message followed by BUS DEVICE RESET message 
Ps 3. IDENTIFY message followed by NO OPERATION message 
a 4. IDENTIFY message followed by SYNCHRONOUS DATA APER REQUEST 
rs) message. 
“sw »=6od TE a target receives illegal multiple messages, it will send a 
. % MESSAGE REJECT message and go to BUS FREE and abort any command in 


process for that initiator. 
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§.1.10 Signal Restrictions Between Phases 


When the SCSI bus is between two information transfer phases, the 
following restrictions shall apply to the SCSI bus signals: 


L. The BSY, SEL, REQ, and ACK signals shall not change. 


2. The C/D, I/0, MSG, and DATA BUS signals may change. When 
SWitching the DATA BUS direction from out (initiator driving) 
to in (target driving), the target shall delay driving the 
DATA BUS by at least a data release delay plus settle delay 
after asserting the I/O signal and the initiator shall release 
the DATA BUS no later than a data release delay after the 
transition of the I/O signal to true. When switching the DATA 
BUS direction from in (target driving) to out (initiator 
driving), the target shall release the DATA BUS no later than 
a deskew delay after negating the I/O signal. 


3. The ATN and RST signals may change as defined under the 
descriptions for the ATTENTION condition (5.2.1) and RESET 
COndi tion (5.2.2). 


5.2 SCSI Bus Conditions : -_ 


The SCSI bus has two asynchronous conditions: the ATTENTION 
condition and the RESET condition. These conditions cause the SCSI 
device to perform certain actions and can alter the phase sequence. 


5.2.1 ATTENTION Condition 


The ATTENTION condition allows an initiator to inform a target that 
the initiator has a message ready. The target will get this 
message at its convenience by performing a MESSAGE OUT phase. 


The initiator creates the ATTENTION condition by asserting ATN at 
any time except during the ARBITRATION or BUS FREE phases. 


# The initiator must assert the ATN signal before asserting ACX for 

@ the last byte transferred in a bus phase for the ATTENTION 

w condition to be honored before transition to a new bus phase. An 

we ATN asserted later may not be honored until a later bus phase. 

wm A CDC target will respond with MESSAGE OUT phase as follows: 

m@ 1. If ATN occurs during a DATA phase, MESSAGE OUT will occur at a 

es logical block boundary. It may not occur until several logical 
a blocks after ATN is first asserted. | 


m 2. I£ ATN occurs during a COMMAND phase, MESSAGE OUT will occur 
after transfer of all Command Descriptor Block bytes has been 
completed. | 3 | 
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= 3. If ATN occurs during a STATUS phase, MESSAGE OUT will occur 
oa after the Status byte has been acknowledged by the initiator. 


@ 4. If ATN occurs during a MESSAGE IN phase, MESSAGE OUT will occur 
a after the last byte of the current message has been acknowledged 
n by the initiator. 


we 5. If ATN occurs during a SELECTION or RESELECTION phase, MESSAGE 
OUT will occur immediately after that SELECTION or RESELECTION 
a phase. 


The initiator shall keep ATN asserted if more than one byte is to 
be transferred. The initiator may negate the ATN signal at any 
time except it shall not negate the ATN signal while the ACK signal 

w™ is asserted during a MESSAGE OUT phase. Recommended practice is 
that the initiator negates ATN while REQ is true and ACK is false 
during the last REQ/ACK handshake of the MESSAGE OUT phase. 


5.2.2 RESET Condition 


The RESET condition is used to immediately clear all SCSI devices 
oy from the bus. This condition shall take precedence over all other 
{ | phases and conditions. Any SCSI device may create the RESET 
condition by asserting RST for a minimum cf a reset hold time. 
During the RESET condition, the state of all SCSI bus signals other 
than RST is not defined. 


m CDC peripheral products will not assert RESET. Host adaptor 
m products may assert RESET. 


Ail scsfi devices shall release all SCSI bus signals (except RST) 
within a bus clear delay of the transition of RST to true. The BUS 
FREE phase always follows the RESET condition. 


w CDC SCSI devices will implement the "hard" RESET option. Upon 
detection of the RESET condition, they shall: 


lL. Clear all uncompleted commands 
2. Release all SCSI device reservations 
3. Return any SCSI device operating modes (MODE SELECT, 
PREVENT/ALLOW MEDIUM REMOVAL commands, etc) to their default 
conditions. 
m 4&4. Activate UNIT ATTENTION condition for all initiatozgs. 


S43 SCSI Bus Phase Sequences 


The order in which phases are used on the SCSI bus follows a 
prescribed sequence. 





In all systems, the RESET condition can abort any phase and is 
always followed by the BUS FREE phase. Also, any other phase can 
be followed by the BUS FREE phase. 
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5.3.1 MNonarbitrating Systems 


In systems where the ARBITRATION phase is not implemented, the 
allowable sequences shall be shown as in Pigure 5-1. The normal 
progression is from the BUS FREE phase to SELECTION, and from 
SELECTION to one or more of the information transfer phases 
(COMMAND, DATA, STATUS, or MESSAGE). 


oe wre 


Arbitr 


ating Systems 


In systems where the ARBITRATION phase is implemented, the allowable 
sequences as be as shown in Figure 5-2. The normal progression is 


or Beco een GE. and from SELECTION or RESELECTION to one or more of 


the information transfer phases (COMMAN 


Bec65 





D, DATA, STATUS, orf MESSAGE). 


All Systems 


There are no restrictions on the sequences between information 
transfer phases. A phase type may even be followed by the same phase 
type (e.g., a data phase may be followed by another data phase). 


E> geet Gee Bat 


aéegis REV 2/89 COC 


eG _ XS 





| ey, ee ee ee 
| | | +—-> | COMMAND oc | 
BUS FREE {| SELECTION | | DATA o£ 
PHRASE — | ewe meee ee >| PHASE ——e >| STATUS of | 
. | | j | MESSAGE PHASE | 
| | | 
| 





| | 
| | 
| 

RESET CONDITION 


PIGURE 5-1. PHASE SEQUENCES WITHOUT ARBITRATION 


| | ARBIT- | | SELECTION | +——>| COMMAND or | 
BUS FREE | | RATION | | OR | - | DATA or | 
PHASE {->2| PHASE |---~7| RESELECTION|------- | STATUS or | 
| | __| | PHASE _ ae |_ MESSAGE PHASE | 
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T | fp 7 | 
i +) | 
__! | 





RESET CONDITION 


FIGURE 5-2. PHASE SEQUENCES WITH ARBITRATION 
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5.4 SCSI Pointers 


Consider the system shown in Figure 5-2 in which an initiator and 
target communicate om the SCSI bus in order to execute a command. 


| Function | | Initiator |---~--------—----- | Target | | Funetion | 

| Origin | | Path | | S$Csit BUS | Path | | Execution] 

| | | Control | ----~~---------—-— |. Control | | | 
Initiator Target 


FIGURE 5-3. SIMPLIFIED SCSI SYSTEM 


The SCSI architecture provides for two sets of three pointers 
within each initiator. The pointers reside in the initiator path 
control. The first set of pointers are known as the current (of 
active) pointers. These pointers are used to represent the state 
| of the interface and point to the next command, data, or status 

( f byte to be transferred between the initiator's memory and the 

A target. There is only one set of current pointers in each 
initiator. The current pointers are used by the target currently 
connected to the initiator. 


The second set of pointers are known as the saved pointers. There 
ls one set of saved pointers for each command that is currently 
“active (whether or not it is currently connected). The saved 
command pointer always points to the start of the command 
descriptor block (see 6.2) for the current command. The saved 
Status pointer always points to the start of the status area for 
the current command. At the beginning of each. command, the saved 
data pointer points to the start of the data area. It remains at 
this value until the target sends a SAVE DATA POINTER message (see 
5.5.2) to the initiator. in response to this message, the 
initiator stores the value of the current data pointer into the 
saved data pointer. The target may restore the current pointers to 
thelr saved values by sending a RESTORE POINTERS message (see 
5.5.2) to the initiator. The initiator moves the saved value of 
each pointer into the corresponding current pointer. Whenever an 
SCSI device disconnects from the bus, only the saved pointer values 
are retained. The current pointer values are restored from the 
saved values upon the next reconnection. 


Cc 
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5.5 Message System Specification 


The message system allows communication between an initiator and 
target for the purpose of physical path management. 


5.5.1 Message Protocol 





All SCSI devices shall implement the COMMAND COMPLETE message. 
Non-CDC products (initiators or targets) are only required to 
Support the COMMAND COMPLETE message. Support for any other 
message will be assumed to be optional. 


8 & 


SCSI devices indicate their ability to accommodate more than the 
COMMAND COMPLETE message by asserting or responding to the ATN 
Signal. The initiator indicates this in the SELECTION phase by 
asserting ATN prior to the SCSI bus condition of SEL true, and BSY 
false. If the target hasn't received ATN by this point, it will 
assume the initiator doesn't support disconnection or messages 
other than COMMAND COMPLETE. If the ATN signal is asserted later, 
it will be ignored until after the next BUS FREE ohase. The target 
indicates its ability to accommodate more messages by responding to | 
the ATTENTION condition with the MESSAGE OUT phase after going — 
through the SELECTION phase. | 


{ For SCSI devices that support messages other than COMMAND COMPLETE, 

the first message sent by the intitator after the SELECTION phase 

| shall be the IDENTIFY message. This allows the establishment of 
the physical path for a particular logical unit specified by the 
initiator. After the RESELECTION phase, the target's first message 
shall be IDENTIFY. This allows the physical path to be 
re-established for the target's specified logical unit number. 

m An initiator may send the ABORT message or the BUS DEVICE RESET 

message instead of the IDENTIFY message, as the first message. 
Only one logical unit number shall be identified for any one 
selection sequence; a second IDENTIFY message with a new logical 
unit number shall not be issued before the SCSI bus has been 
released (BUS FREE phase). 


Whenever a physical path is established in an initiator that can 
accommodate disconnection and reconnection, the initiator shall 

ensure that the active pointers of the physical path are equal to 
the saved pointers for that particular logical unit number. (An 


implied restore pointers operation occurs as a result of connect or 
reconnect. ) | | 
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TABLE 5-2. MESSAGE CODES 





| CDC CDC 
|___ CODE TARGET INIT DESCRIPTION DIRECTION 
| oOO8 M M COMMAND COMPLETE In 
m | O1H/01H O 0 SYNC DATA TRANSFER REQUEST In Out 
=» | O1H/XXH 0 0 OTHER EATENDED MESSAGES 
2 | O2H 4 0 SAVE DATA POINTER In 
e | 038 M eo) RESTORE POINTERS In 
= | O4H M M DISCONNECT j In 
a | O5H M 0 INITIATOR DETECTED ERROR. Out 
=e | 06H M M ABORT Out 
a | O78 M M MESSAGE REJECT In Out 
a | O88 M M NO OPERATION out 
we | O98 M M MESSAGE PARITY ERROR Out 
| OAH 0 0 LINKED COMMAND COMPLETE In 
| OBH QO O LINKED COMMAND COMPLETE W/FLAG [In 
a | ocH M 0 BUS DEVICE RESET Out 
| | ODH--7FH R R RESERVED CODES | 
H  @ |__8OH--FFH  M f°) A) eee eee! 0 O20 


® The CDC INIT column applies to targets that become initiators to 
mw execute certain commands (e.g. COPY or COMPARE) along with applying 
mw to host adapter products.. , 


Kay: (Type definitions are defined in 6.1.2) 

M = Command implementation is mandatory. 

O = Command implementation is optional. 

R = Operation code is reserved for future standardization. 


In = Target to initiator, Out = Initiator to target. 
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§.5.2 Messages 


The single byte messages (Table 5-2) are listed along with their 


COMMAND COMPLETE OOH (Mandatory) - This message is sent from a 
target to an initiator to indicate that the execution of a command 
(or series of linked commands) has terminated and that valid status 
has been sent to the initiator. After successfully sending this 
message, the target shall go to the BUS FREE phase by releasing BSY. 


NOTE: The command may have been executed successfully or 
unsuccessfully as indicated in the status. 


EXTENDED MESSAGE O1H (Optional) - This message is sent from either 
the initiator or the target as the first byte of a multiple-byte 
message. (See 5.5.3 for descriptions of extended messages.) 


m SAVE DATA POINTER O2H (Mandatory) -~ This message is sent from a 
target to direct the initiator to save a copy of the present active 
data pointer for the currently attached logical unit. (See 5.4 for 
a definition of pointers.) 


a RESTORE POINTERS 03H (Mandatory) - This message is sent from a ee 
target to direct the initiator to restore the most recently saved ~ 
pointers (for the currently attached logical unit) to the active 
state. Pointers to the command, data, and status locations for the 
logical unit shall be restored to the active pointers. Command and 
status pointers shall be restored to the beginning of the present 
command and status areas. The data pointer shall be restored to 
the value at the beginning of the data area in the absence of a 
SAVE DATA POINTER message or to the value at the point at which the 
last SAVE DATA POINTER message occurred for that logical unit. 


m DISCONNECT 04H (Mandatory) - This message is sent from a target to 
inform an initiator that the present physical path is going to be 
broken (the target plans to disconnect by releasing BSY), but that 
a later reconnect will be required in order to complete the current 
operation. If the initiator detects the BUS FREE phase (other than 
as a result of a RESET condition) without first receiving a 
DISCONNECT or COMMAND COMPLETE message, the initiator shall 
consider this as a catastrophic error condition. If the target 
intentionally creates this condition, the target shall clear the 
current command. This message shall not cause the initiator to 
Save the data pointer. Note: tI£ DISCONNECT messages are used to 
break a long data transfer into two or more shorter transfers, then 
a SAVE DATA POINTER will be issued .before each DISCONNECT message. 
CDC products will disconnect when a substantial delay is 
anticipated. The exact situations will be described in individual 
product specifications. These situations may only include: 

after receipt of a Command Descriptor Block or during a data 
transfer. 
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error) has occurred that does not preclude the target from retrying 
Since present pointer integrity is not assured, 

a RESTORE POINTERS message shall be sent by the target to cause 

the pointers to be restored to their defined prior state. 

An initiator should not issue this message unless the RESTORE 
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If the target is 


gj 

@ the operation. 

8 

@ 

m POINTERS message is accepted by it. 
m@ Can recover properly, 

ms Sense Key of ABORTED COMMAND. 

m ABORT OGH (Mandatory) 


been identified, 


been identified, 


tf a logi 


If a logical 


the target shall go to the BUS FREE phase. 
Status or ending message shall be sent for the operation. 


INITIATOR DETECTED ERROR OSH (Mandatory) - This message is sent 
from an initiator to inform a target that an error (e.g., 


parity 


not sure it 


CHECK CONDITION status will be created with 


- This message is sent from the initiator to 
the target to clear the present operation. 


cal unit has 


all pending data and status for the issuing 
initiator from the affected logical unit shall be cleared, 
target shall go to the BUS FREE phase. 
other initiators shall not be cleared. 


and the 


Pending data and status for 


unit has not 
No 
It is 


not am error to issue this message to an logical unit that is not 


a 


original message was: 
ORIGINAL MESSAGE 
Command Complete 
Synchronous Request 
Save Data Pointer 


Restore Pointers 


Disconnect 


Message Reject 


Linked Cmd Complete 
Identify 


yr 
( wn ‘ 
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m MESSAGE REJECT O7H (Mandatory) 
the initiator or target to 
received was inappropriate 


CDC targets may optionally 
message is still rejected, 


Go to BUS FREE 


currently performing an operation for the initiator. 


- This message is sent 
indicate that the last mes 
or has not been implemente 


retry the original message 
then response will depend 


RECOVERY ACTION 

state anyway. 
Assume asynchronous transfers 
Don't disconnect and continue 
command. 

Terminate command immediately 
CONDITION status and HARDWARE 
Sense Key. 

Don't disconnect and continue 
normally. 

Terminate command immediately 
CONDITION status and HARDWARE 
sense Key. 

Go to BUS FREE phase. 

Go to BUS FREE (catastrophic 
ABORTED CMD in the Sense Key. 


from either 
sage it. 
d. 


. If the 
upon what the 


and continue. 


data transfer 


with CHECK 
ERROR in 


command 
with CHECK 
ERROR in 


error), save 


went me ~ oF 





we nf 
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CDC initiators may optionally retry the original message one time. 


& 

m if the message is still rejected, response will be as follows: 

@ ORIGINAL MESSAGE RECOVERY ACTION 

we Synchronous Request Assume asynchronous transfers and continue. 
m Initiator Detected Error Send Abort message and retry the command. 
@ Abort | Send host adapter CHECK CONDITION status 
a (to COPY command) and EARDWARE ERROR in 
a Sense Key. | 

m Message Reject : Same response as Abort. 

em No Operation ' Continue on without any special action. 

ma Message Parity Error Same response as Abort. 

m Bus Device Reset Same response as Abort. 

m identify Same response as Abort. 


In order to indicate its intentions of sending this message, the 

‘initiator shall assert the ATN signal prior to its release of ACK for 

the REQ/ACK handshake of the message that is to be rejected. When a 

target sends this message, it shall change to MESSAGE IN phase and 

send this message prior to requesting additional message bytes from 

the initiator. This provides an interlock so that the initiator can 

determine which message is rejected. e 

m NO OPERATION O8H (Mandatory) - This message is sent from an initiator 
in response to a target's request for a message when the initiator 
does not currently have any other valid message to send. 


\ 


MESSAGE PARITY ERROR O9H (Mandatory) - This message is sent from the 
initiator to the target to indicate that one or more bytes in 

the last message it received had a parity error. CDC targets that 
receive this message will attempt to resend the original message 

one time. Lf the retry attempt also results in a parity error, the 
target will go to BUS FREE phase. 


In order to indicate its intentions of sending this message, the 
initiator shall assert the ATN signal prior to its release of ACK for 
the REQ/ACK handshake of the message that has the parity error. This 
provides an interlock so that the target can determine which message 
has the parity error. 


LINKED COMMAND COMPLETE QAH (Optional) - This message is sent from a 
target to an initiator to indicate that the execution of a linked 
command has completed and that status has been sent. The initiator 


shall then set the pointers to the initial state for the next linked 
command. 


LINKED COMMAND COMPLETE (WITH FLAG) OBH (Optional) - This message is 
sent from a target to an initiator to indicate that the execution of 
a linked command (with the flag bit set to one) has completed and i 
that status has been sent. The initiator shall then set the pointers” 
to the initial state of the next linked command. Typically this 


message would be used to cause an interrupt in he initiatoge between 
two linked commands. 
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m BUS DEVICE RESET OCH (Mandatory) - This message is sent from an 
initiator to direct a target to clear all current commands on that 
SCSI device. This message forces the SCSI device to an initial 
state with no operations pending for any initiator. Upon 
recognizing this message, the target shall go to the BUS FREE phase. 


Reserved ODH to TFH - These codes are reserved for future use. 


m IDENTIFY 80H to FFH (Mandatory) - These messages are sent by either 

m the initiator (after SELECTION phase) or the target (after 

m RESELECTION phase) to establish the physical path connection 
between an initiator and target for a particular logical unit. 
Bit 7 - This bit is always set to one to distinguish these messages 
from the other messages. 


Bit 6 = This bit is only set to one by the initiator. When set to 

one, it indicates that the initiator has the ability to accommodate 
m disconnection and reconnection. When set to zero, CDC targets will 
@ not attempt to disconnect. 


(. Bits 5-3 - Reserved. 
Bits 2-0 - These bits specify a logical unit number in a target. 


Only one logical unit number shall be identified for any one 
selection sequence; a second IDENTIFY message with a new logical 
unit number shall not be issued before the bus has been released 
(BUS FREE phase). 


When sent from a target to an initiator during reconnection, an 
implied RESTORE POINTERS message shall be performed by the 
initiator prior to completion of this message. 


£ an initiator specifies an invalid LUN in the IDENTIFY message, 
a CDC target will accept the IDENTIFY message but will reject the 
ma next command. See 6.2.2. 
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5.5.3 Extended Messages (Optional) : - 


A value of O1H in the first byte of a message indicates the 
beginning of a multiple-byte extended message. The minimum number 
of bytes sent for an extended message is three. The extended 
message format and the extended message codes are shown in Tables 
5-3 and 5-4, respectively. 


TABLE 5-3. EATENDED MESSAGE FORMAT 





The extended message length specifies the length in bytes of the 

extended message code plus the extended message arguments to 

follow. Therefore, the total length of the message is equal to the 
extended message length plus two. A value of zero for the extended ) 
message length indicates 256 bytes follow. . ed 


The extended message codes are listed in Table 5-4. The extended 


message arguments are specified for the defined extended messages 
in Section 5.5.4. 


TABLE 5-4. EXTENDED MESSAGE CODES 


CODE Ls! DESCRIPTION 
a 00H Reserved 
O1H SYNCHRONOUS DATA TRANSFER REQUEST (Optional) 
3 O2H--7FH Reserved 
80H--FFH Reserved 
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§.5.4 SYNCHRONOUS DATA TRANSFER REQUEST Message (Optional) 





Agdia aey. 


TABLE 5-5. SYNCHRONOUS DATA TRANSFER REQUEST 
BYTE | VALUE i DESCRIPTION 
O ded 








nee er SYNCHRONOUS DATA seaeEee BEQUEST code 
3 | H | 


ae eee ee ee Zz REQ/ACK offset | as 





[. 2 GO) AN ee See et ea eee Bn RE Se ree Ses ee Neem Oe 
|_0 | & eee } : peaRenn Ane stot fan Sh Se. | 
t=) nae g ee message Length 

| 

| 

| 


A pair of SYNCHRONOUS DATA TRANSFER REQUEST messages (Table 5-5) 
are exchanged between an initiator and a target whenever an SCSI 
device that can support synchronous data transfer recognizes that 
it has not communicated with the other SCSI device since receiving 
the last “hard" RESET condition or a BUS DEVICE RESET message. The 
SCSI devices may also exchange messages to establish synchronous 
data transfer when requested to do so. The message exchange 
establishes the transfer period and the REQ/ACK offset. The 
transfer period is the minimum time between leading edges of 
successive REQ pulses and of successive ACK pulses. 


The REQ/ACK offset is the maximum number of REQ pulses that may be 
outstanding before its corresponding ACK pulse is received at the 
target. A REQ/ACK offset value of zero shall indicate asynchronous 
mode; a value of FFH shall indicate unlimited offset. 


If the initiator recognizes that negotiation is required, it 
asserts ATN and, 1£ the target implements message transfers, sends 
a SYNCHRONOUS DATA TRANSFER REQUEST message indicating an REQ/ACK 
offset and minimum transfer period. The REQ/ACK offset is chosen 
to prevent initiator buffer overflows, while the minimum transfer 
period is chosen to meet the data handling requirements of the 
initiator. The target responds in any of the following ways: 


TARGET RESPONSE IMPLIED AGREEMENT 
is REQ/ACK offset less than or equal REQ/ACK offset equal to 
to the requested value. target value. 


Minimum transfer period equal to Minimum transfer period 
Or greater than requested period. equal to the target value. 


2. REQ/ACK offset equal to zero. Asynchronous transfer. 
3. MESSAGE REJECT. Asynchronous transfer. 


CDC targets will never send SYNCHRONOUS DATA TRANSFER REQUEST 
message unless an initiator sends this message to the target first. 
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The implied agreement shall remain in effect until a BUS DEVICE 
RESET message is received, until a “hard" RESET condition occurs, 
O£ until one of the two SCSI devices elects to modify the 
agreement. Renegotiation at every selection is not recommended, 
Since a significant performance impact is likely. The default mode 
of data transfer is asynchronous mode. The default mode is entered 
at power on, after a BUS DEVICE RESET message, or after a “hard" 
RESET condition. The SYNCHRONOUS DATA TRANSFER REQUEST message 
exchange can only take place following a SELECTION phase that 
includes the SCSI IDs for both the initiator and the target. 
Violation of this rule may make data transfer impossible owing to 
disagreements among SCSI devices about the data transfer mode. 


| 
| 
| 
| 
| 
| 
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6.0 SCSI COMMANDS 


This section defines the SCSI commana structure and gives several 
examples. 


The command definitions assume a data structure providing the 
appearance at the interface of a contiguous set of logical blocks 
of a fixed or explicitly defined data Length. The SCSI device maps 
the physical characteristics of the attached peripheral devices to ae 
one of several logical structures defined by the device type code. a 


_ ™ 


A single command may transfer one or more logical blocks of data. 
Multiple commands may be linked if they are sent to the same 
logical unit. A target may disconnect from the SCSI bus to allow 
activity by other SCSI devices while a logical unit is being 
prepared to transfer data. 


Upon command completion (successful or unsuccessful), the target 
returns a status byte to the initiatoz. Since most error and 
exception conditions cannot be adequately described with a single 
status byte, one status code, CHECK CONDITION, indicates that 
additional information is available. The initiator may issue a 
REQUEST SENSE command to retrieve this additional information. 


By Keeping to a minimum the functions essential to communicate via 
this protocol, a wide range of peripheral devices of varying 
capability can operate in the same environment. 


6.1 Command Implementation Requirements 


The first byte of any SCSI command shall contain an operation code 
as defined in this document. Three bits (bits 7 - 5) of the second 
byte of each SCSI command specify the logical unit if it is not 

specified using the IDENTIFY message (see 5.5.2). The last byte of 
all SCSI commands shall contain a control byte as defined in 6.2.64. 
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6.1.1 Reserved 


Reserved bits, bytes, fields, and code values are set aside for 
future standardization. Their use and interpretation will be 
Specified by future extensions to this specification. A reserved 
bit, field, or byte shall be set to zero, or in accordance with a 
future extension to this specification. A target that receives a 
reserved code value shall terminate the command with a CHECK 
CONDITION status and, 1£ extended sense is implemented, the Sense 
Key shall be set to ILLEGAL REQUEST. it shall also be acceptable 
for a target to interpret the bit, field, byte, or code value in 
accordance with a future extention to this specification. 


6.1.2 Operation Code Types 


OPERATION 
CODE TYPE DESCRIPTION eae: AS ee ee 
M Mandatory - All CDC SCSI products will implement these 
commands. No other commands must be required for proper 





{ w operation. 


0 Optional ~ Commands so designated, if implemented, shall 
be implemented as defined in this specification. They 
Fs) are not guaranteed to be available on all CDC products. 


V Vendor unique -—- Operation codes so designated are 
avallable for product defined commands. See the product 
Specification for descriptions. Caution: these 

a commands will not be standardized for different products. 


R Reserved - Operation codes so designated shall not be 
used. They are reserved for future standardization. 


6.1.3 Unit Attention Condition 


A Unit Attention Condition shall begin (after the device becomes 
ready) for each initiator whenever the removable medium may have 
been changed, the target has been reset (by a BUS DEVICE RESET 
message or a “hard" RESET condition), or one or more MODE SELECT 
Parameters affecting this initiator were changed by another 
initiator. The Unit Attention condition shall persist for each 
initiator until that initiator clears the condition as described in 
the following paraqraphs. 


If an INQUIRY command is received from an initiator with a pending 
Unit Attention condition (before or after the target reports CHECK 
CONDITION status), the target shall perform the INQUIRY command and 


vee shall not clear the Unit Attention Condition. 
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If a REQUEST SENSE command is received from an initiator with a 
pending Unit Attention Condition (before or after the target | 
reports CHECK CONDITION status), then the target shall discard any 
Pending sense data, report the UNIT ATTENTION Sense Key. and clear 
the Unit Attention condition for that initiator. 


If an initiator issues a command other than INQUIRY or REQUEST 
SENSE while a Unit Attention Condition exists for that initiator, 
the target shall not perform the command and shall report CHECK 
CONDITION status. If a REQUEST SENSE is issued next, the Unit | 
Attention condition will be reported and cleared as noted in the 
preceding paragraph. I£ another command other than REQUEST SENSE 
or INQUIRY is issued instead then the target shall perform the 
command and return the appropriate status. The Unit Attention 
condition for that initiator is cleared and the sense data is lost. 


mH 
HH 


4 Command Queuing (optional) 


Targets that do not implement command queuing will not accept 
another command, even from a different intiator, if it has a 
command being processed. In this case, the target will allow 
itself to be selected and will accept the command bytes for a new 
command. It will then go to the STATUS phase and send BUSY status 
back to the initiator (see section 14.0). After a COMMAND COMPLETE 
message and going to BUS FREE phase, the target will resume 
execution of its current command. An initiator that received BUSY 
status in this manner will have to resend the command later in 
order to have it executed. 





Command queuing can only be done for initiators that support 
ARBITRATION and RESELECTION phases, send an IDENTIFY message after 
SELECTION, and allow disconnection. Initiators that don't support 
these options will be handled as described in the preceeding 
Paragraph even though commands may be queued for other initiators 
that do meet these requirements. 


CDC Targets that implement command queuing will accept one command 
from each initiator for each attached Logical Unit. A target may 
implement full queuing (for all 7 possible initiators) or limited 
queuing (commands are queued for a few initiators and commands from 
any other initiators are not queued). When commands are queued, 
after the target is selected it will accept the command bytes, send 
a DISCONNECT message,.go to BUS FREE phase, and continue command 
execution. A BUSY status will only be returned if the command 
queue is full and another command cannot be stored. 


A target that implements command queuing for other commands may or 
may not queue RESERVE commands because of the special 
considerations involved with queuing these commands. See the 
sections describing the RESERVE command for further details. 
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All commands that are queued will eventually be executed in 
accordance with the target's priority scheme unless a hard RESET, a 
Power On Reset, or a BUS DEVICE RESET message is received. In 
these cases, all queued commands will be cleared and no status will 
be sent to the initiator. 


Tf a target implements both command queuing and command linking 
(see section 6.2.6), the target shall complete execution of all 
linked commands sent by the same initiator before beginning 
execution of any queued commands for other initiators even if the 
target disconnects from the SCSI bus during execution of the linked 
commands. However, new commands from other initiators may still be 
added to the command queue if space is available. 


Command Descriptor Block 


A request to a peripheral device is performed by sending a command 
deseriptor block to the target. For several commands, the request 
is accompanied by a list of parameters sent during the DATA OUT 
phase. See the specific commands for detailed information. 


The command descriptor block always has an operation code as the 
first byte of the command. This is followed by a logical unit 
number, command parameters (if any). and a control byte. 


For all commands, if there is an invalid parameter in the command 
descriptor block, then the target shall terminate the command 
without altering the mediun. 


6.2.1 Operation Code 


The operation code (Table 6-1) of the command descriptor block has 
a group code field and a command code field. The three-bit grcup 
code field provides for eight groups of command codes. The 
five-bit command code field provides for thirty-two command codes 
in each group. Thus, a total of 256 possible operation codes 
exist. Operation codes are defined in Sections 7 through 13. 


The group code specifies one of the following groups: 


Group 0 - Six-byte commands (see Table 6-2) 
Group 1 ~- Ten-byte commands (see Table 6-3) 
Group 2 ~ Reserved 

Group 3 - Reserved 

Group 4 —- Reserved 

Group 5 — Reserved 

Group 6 ~ CDC proprietary manufacturing usage 
Group 7 - Product Unique 
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TABLE 6-1. OPERATION CODE 





Cenent sarere Get tae acomen 


o (| _ Group Code | Command Code 





TABLE 6-2. TYPICAL COMMAND DESCRIPTOR BLOCK FOR SIX-BYTE COMMANDS 





TABLE 6-3. TYPICAL COMMAND DESCRIPTOR BLOCK FOR TEN-BYTE COMMANDS 
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6.2.2 Logical Unit Number 


The logical unit number addresses one of up to eight physical devices 
or virtual devices attached to a target. This method of addressing 
is provided for systems that do not implement the IDENTIFY message. 

A target that accepts an IDENTIFY message shall use the logical unit 
number specified within the message. In this case, the target shall 
ignore the logical unit number specified within the command 
descriptor block... 


CDC targets will reject commands which select an invalid LUN (except 
REQUEST SENSE and INQUIRY) by requesting and accepting the command 
bytes, then going to STATUS phase and sending CHECK CONDITION 
Status. Note that the LUN is sent in the LUN field of a CDB (if no 
IDENTIFY message has been received for this selection) or by the LUN 
field of an IDENTIFY message. 


Pa 
Se & be] B 8 2) 


REQUEST SENSE commands selecting an invalid LUN will receive a Sense 
Data block with the ILLEGAL REQUEST Sense Key and an INVALID LUN 
Error Code. INQUIRY commands will return Inquiry Data with the 
Peripheral Device Type field set to Logical Unit Not Present (7FH). 
REQUEST SENSE and INQUIRY commands will not send CHECK CONDITION 
status due to an invalid LUN selection. 


@Se6e@68 


6.2.3 Logical Block Address 


The logical block address on logical units shall begin with block 
zero and be contiguous up to the last logical block on that logical 
unit. 


Group 0 command descriptor blocks contain 21-bit Logical block 
m addresses. Group 1 command descriptor blocks contain 32-bit logical 
block addresses. 


The logical block concept implies that the initiator and target shall 
have previously established the number of data bytes per logical 
block. This may be established through the use of the READ CAPACITY 
command or the MODE SENSE command or by prior arrangement. 


6.2.4 Relative Address Bit 
| m CDC products will not support relative addressing. 


| m The relative address (RelAdr) bit of the group 1 commands is set to 

| one to indicate that the logical block address portion of the command 

| descriptor block is a two's complement displacement. This negative 

| Or positive displacement is to be added to the logical block address 
il last accessed on the logical unit to form the logical block address 

| for this command. This feature is only available when linking 

| commands. The feature requires that a previous command in the liked 

| group have accessed a block of data on the logical unit. 
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6.2.5 Transfer Length 


The Transfer Length specifies the amount of data to be transferred, 
usually the number of blocks. For several commands the transfer 
length indicates the requested number of bytes to be sent as 
defined in the command description. For these commands the 
transfer length field may be identified by a different name. See 
the following descriptions and the individual command descriptions 
for further information. 


Commands that use one byte for Transfer Length allow up to 256 
blocks of data to be transferred by one command. A Transfer Length 
value of 1 to 255 indicates the number of blocks that shall 
transferred. A value of zero indicates 256 blocks. 


Commands that use two bytes for Transfer Length allow up to 65,535 
blocks of data to be transferred by one command. In this case, a 
Transfer Length of zero indicates that no data transfer shall take 


place. A value of 1 to 65, 535 indicates the number of blocks that 
shall be transferred. 


For several commands more than two bytes are allocated for Transfer 
Length. Refer to the specific command description for further 
information. | 


The Transfer Length of the commands that are used to send a list of 
pakameters to a target is called the Parameter List Length. The 


Parameter List Length See oneens the number of bytes sent during the 
DATA OUT phase. 


The Transfer Length of the commands that are used to return sense 
data (e.g. REQUEST SENSE, INQUIRY, MODE SENSE, etc) to an initiator 
is called the Allocation Length. The Allocation Length specifies 
the number of bytes that the initiator has allocated for returned 
data. The target shall terminate the DATA IN phase when Allocation 
Length bytes have been transferred or when all available sense data 
have been transferred to the initiator, whichever is less. 

The REQUEST SENSE command is an exception. An Allocation Length of 
zero indicates that four bytes are to be transferred, not 2ero. 
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6.2.6 Control Byte 


The control byte is the last byte of every command descriptor 
block. A typical control byte is described in Table 6-4. 


TABLE 6-4. CONTROL BYTE 





ag 7-2 Reserved 


1 Flag bit - If the link bit is zero, then the flag bit shall be 
set to zero. If the link bit is cone, and if the command 
terminates successfully, the target shall send LINKED COMMAND 
COMPLETE message if the flag bit is zero and shall send LINKED 
COMMAND COMPLETE. (WITH FLAG) message if the flag bit is one. 

¢ Typically, this bit is used to cause an interrupt in the 

com. ¥ initiator between Linked commands. 


0 Link bit - This bit is set to one to indicate that the initiator 
desires an automatic link to the next command upon successful 
completion of the current command. Implementation of linked 
commands is optional. I£ the link bit is one, targets that 
implement linked commands, upon successful termination of the 
command, shall return INTERMEDIATE status and shall then send one 
of the two messages defined by the flag bit (above). 


Targets that do not implement linked commands shall return a CHECK 


CONDITION status and, if extended sense is implemented, shall set the 


sense key to ILLEGAL REQUEST if either of the link and flag bits ara 
set to one. 
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6.3 Command Examples 


6.3.1 Single Command Example 


A typical operation on the SCSI bus is likely to include a single 

READ command to a peripheral device. This operation is described 

in detail starting with a request from the initiator. This example 
m assumes that no malfunctions or errors occur and is illustrated in 
a Figure 6-1. 


The initiator has active pointers and a set of stored pointers 
representing active disconnected SCSI devices (an initiator without 
disconnect capability does not require stored pointers). The 
initiator sets up the active pointers for the operation requested, 
arbitrates for the SCSI bus, and selects the target. Once this 
process is completed, the target assumes control of the operation. 


The target obtains the command from the initiator (in this case, a 
READ command). The target interprets the command and executes it. 
In this case, the target gets the data from the peripheral 

deviceS56énd sends it to the initiator. At the completion of the | 
READ command, the target sends a status byte to the initiator. To 


end the operation, the target sends a COMMAND COMPLETE message to a 
the initiator. 


on 











| | 


| B | | | | | | | | | | | | | B | 
luf{ faAt | SEL | | CMD | | D | | Ss | | MSG | | U | 
| s | | R | | | | | | A | | T | [| In | | Ss | 
| [~--| B [-->| (no |--7[Read j|-->| T [-->| A j-->| oad | 
[| F | | 1 | | ATN)| | O8H | | A | | T | | cmd | [| F | 
[| R | | T | | | | | | | u | | comp}; [| R | 
| E | | | | | | | | I | | s | | | [| E | 
| = | | | | ! | | N | | | | = | 
aa | | | | | eee | | | | Paci! 





ma FIGURE 6-1. SIMPLE COMMAN 
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6.3.2 Disconnect Example 


In the above single command example, the length of time necessary to 
obtain the data may require a time-consuming physical seek. In order 
to improve system throughput, the target may disconnect from the 
initiator, freeing the SCSI bus to allow other requests to be sent to 
other logical units. To do this, the initiator needs to be 
reselectable and capable of restoring the pointers upon 
reconnection. The target needs to be capable of arbitrating for the 
em SCSI bus and reselecting the initiator. See Figure 6-2. 


After the target has received the READ command (and has determined 
that there will be a delay), it disconnects by sending a DISCONNECT 
message and releasing BSY. 


When the data is ready to be transferred, the target reconnects to 
the initiator. As a result of this reconnection, the initiator 
restores the pointers to their most recent saved values (which, in 
this case, are the initial values) and the target continues (as in 
the single command example) to finish the operation. The initiator 
recognizes that the operation is complete when COMMAND COMPLETE 
message is received. 





If target wishes to disconnect after transferring part of the data 
(e.g., while crossing a cylinder boundary), it may do so by sending a 
SAVE DATA POINTER message and a DISCONNECT message to the initiator 
and then disconnecting. When reconnection is completed, the current 
data pointer value is restored to its value immediately prior to the 
SAVE DATA POINTER message. 


On those occasions when an error or exception condition occurs and 
the target elects to repeat the information transfer, the target may 
repeat the transfer by either issuing a RESTORE POINTERS message or 
by disconnecting without issuing a SAVE DATA POINTER message. When 
reconnection is completed, the most recent saved pointer values are 
restored. 
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DISCONNECT EXAMPLE 


mm FIGURE 6-2. 
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6.4 Timing Examples 
aw TABLE 6-5. MEASUREMENTS TO DETERMINE TARGET PERFORMANCE 


oS .APPLICABILITY 





|sy 
[| | | IAL IN] 
| |NJO|D{ jo] 
{| [OIN|DIDIN| 
| INJE|LITI | 
| | | | Isp DESCRIPTION | 
[A[A[MIMIC|T| | : 
IR|RIS|S{O]S| - WAVEFORM WAVEFORM 
IBIBIGIGINiCc|] SYMBOL TABLE 
| I¥IYIY| [¥]| Target Select Time (no ARBITRATION) TOO NA 
Iy| |YIYIY|Y¥| Target Select Time (with ARBITRATION) TOL 6-6,6-7 
IYIYIY] IYl¥Y] Target Select to Command TO2 6-6 
iVi¥] IY{YIY] Target Select to MSG OUT TO3 §-7 
IYIY{Y] IYIY| IDENTIFY msg to Command TO4 6-8 
IYIYIYIYI]Y]Y] Command to Status TO5 6-10 
IYIYIYIYIYIY| Command to Data (parameters IN) TO6 6-14 
[YIYIYEYIY]¥Y] Command to Data (parameters OUT) TO7 6-15 

og iYiYIYIYIYIY| Command to Data (Write to data buffer) TO8 6-15 

: ( iyi | |¥iyv{ |. Command to DISCONNECT msg TO9 6-11 

. IY! | I¥1¥{ | DISCONNECT msg to Bus Free T10 6-11,6-19 

iy! | LY|¥} | DISCONNECT to ARBITRATION (for RESELECT) T1211 6-11 
tf | | tT ddd This measures disconnected CMD overhead 
ly! | |YIY{ | Target win ARBITRATION (for RESELECT) i tee 6-12 
Izy! | {¥YI¥] | ARBITRATION to RESELECT . £i3 6-12 
ly! | |YIY| | RESELECT to IDENTIFY msg in T14 6-12 
IY] | JY{IY] | RESELECT IDENTIFY msg to Status T1L5 6-13 
IY] | J¥I¥] | RESELECT LDENTIFY msg to Data (media) T16 6-16 
IYIYIY{YIY|[Y] Data to Status TL? 6-20 
IYIYIYIYIY]Y] Status to COMMAND COMPLETE msg z. T1838 6-10,6-13,6-20 
IYIYIYIYIY{Y] COMMAND COMPLETE msg to BUS FREE T19 6-10,6-13,5-290 
ly! | IYIYI| | Data to SAVE DATA POINTER msg T20 6-19 
lyvi | |vlyv] | SAVE DATA POINTER msg to DISCONNECT msg T21 6-19 
IY{YIYIY{Y{v] Command Byte Transfer | T22 6-9 
IYiYIYIYIYV|¥] Next Command Byte access | T23 6-9 
IYIYIY{Y|Y]Y¥| Data In Byte Transfer (parameter) T24 6-17 
IYIY|YIYIY|]Y] Data Out Byte Transfer (parameter) T25 6-18 
IYIYIYIYIY{Y| Next Data In Byte access (parameter) T26 6-17 
IYIYIYIYIY|Y| Next Data Out Byte access (parameter) T27 6-18 
[YIYIYIYIY1¥] Data In Byte Transfer (media) | T28 6-17 
IYiYIYIYIY1¥Y| Data Out Byte Transfer (media) T29 6-18 
IYIYIYIYIY|Y| Next Data In Byte access (media) T30 6-17 
IYIYIYIYIY|]Y] Next Data Out Byte access (media) T3.k 6-18 
IY|YIYIYIYILY] MSG IN Byte Transfer T32 6-10,6-12, 

ote 1 ee : 6-13,6-19 

¢ IYIYIYIYIYIY| MSG OUT Byte Transfer T33 6-7 

SNe IYIYIYIYIVYIY] STATUS Byte Transfer T34 6-10,6-13,6-20 
IY] | |vl¥|] ! Bad Message to MESSAGE REJECT msg T35 NA 
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wa TABLE 6-6. ARBITRATION, SELECTION (NO ATN), and COMMAND PHASE 


BUS / INIT \/INIT & TARG \ / ist Nectar 
0-7 \ ID /\___1D / | \ BYTE / 


-ATN 
~SEL : | 
; | | 
-BUSY | | | : : 
| oe a a ; = 
-1/0 ; : ; 
2. : me 
-MSG e e o. .- 
~C/D | : se 
: ; : B 
~REO : : : | | : | | 
: : : : | : | 
-~ACX | : : : : | 
: : : : : | | 
a a os 
- FOR - : TO2 3 
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0-7 


-ATN 


~SEL 


~BUSY 


-1/0 


-~MSG 


~-C/D 


 -REQ 


~ACK 
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TABLE 6-7. ARBITRATION, SELECTION (with ATN), 
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and MESSAGE OUT 


IDENT 
MSG 
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me TABLE 6-8. IDENTIFY MSG OUT TO COMMAND PHASE 





BUS {IDENT Ke | / I st \ 
0-7 \ MSG / \ BYTE a 
-ATN | 





-SEL 
eae 
-C/D 
eo " - : — : — pene eee ee 
-ack tid | : | ae 
4 | | | 
i ss ieieelaetaeteataedantonenontiontententeeeeteetnteteetenbeteedaer ~» 
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ee TABLE 6-9. COMMAND DESCRIPTOR BLOCK TRANSFER 





BUS 1st \ /~ 2ND \_¢gitt/ LAST \ 





0-7 \___BYTE / \. BYTE / \. BYTE a 
1 ane 
-~BUSY 3 : 3 
-1/0 : : 7 





-MSG | Pd ° : 


| ; : : 
-C/D : . 
-REQti‘(<‘éclététE \ | | f> e 4 
So2tet =.| | | PG ee 
: ° : ° 2S * | 
-~ACK | : : | : | : | 
| ; | : | ; | : | | 
eee | | ee ae ag 
: L22: + EZ32 : S22: = Yes. 2 
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mu TABLE 6-10. COMMAND PHASE, STATUS PHASE, COMMAND COMPLETE MSG AND BUS FREE 


BUS / LAST \ / 8TATUS \ / “0 
Q-7 Ne BETS Wee \__._ COMPL 








_ 
-BUSY 3 3 | -_ 
os So 3 a4 

| a a G4 


-MSC : : | : | | 





: i | 
aC/D ° ° ° : 
~REO | : | | | | 
| : | | | | | 
~ACK [ | : | : | : 4 ; | : 
| | : | Beal : : | : 
hesetios “»: seers: feeb tees Senco sa 
= “FOS. = :T34: jg i ae . 932% : T19 : 
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aa TABLE 6-11. LAST COMMAND BYTE, DISCONNECT MSG, BUS FREE, AND RESELECT 














BUS /— CAST \__ _/” Diston\ | /"ARB 
0-7 \._ BYTE / \ / \_ID 
~ATN . : ° 
-SEL : : : 
: :: _| oe 
q -1/0 : ; 
° | : | : : 
-MSG : | : : 
: re | : 
-C/D ° : : ; 
: : | : : 
-~REQ | os | | : : 
| : | | | : : 
~ACK | | f | 
| | | : l | : : 
_ ee Se Se eas : ve oe ae ae ae om ae on seas Ss a a ea alls es > 
: TO9 : : T1090 : ha 


NOTE: To properly measure T11L, there must be no 
other device contending for the SCSI bus. 
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we TABLE 6-12. ARBITRATION, RESELECTION AND MESSAGE IN 


BUS / TARGET \/ TARG & INIT\ / IDENT —s\.~ 
0-7 bane © pameener( se, enCenearenee <2 aenimmemae: Mega De! 


-ATN E 3 
-SEL - : | | 3 
: | | : 
-~BUSY | : | | : 
-1/0 ° ° | ° ° : 
_MSG : : | : 
: : : : =_ : 7 
-C/D ; - : : | . 
: : : : esha 
-REQ : | | 
: : : | | 
-~ACK ° ° ° ° ° : | 
e nd : . ° | 2 | 
ses rr Sr ee oe a ee ew ee >; spam? 
: Tie ..2:° 2283 -3 : T14 : case. 
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' ma TABLE 6-13. RESELECT IDENTIFY MSG, STATUS PHASE. 
COMMAND COMPLETE MSG AND BUS FREE 


BUS IDENT ‘\ / STATUS \ / CMD \ 
0-7 MSG / \ COMPL / 





~ 
a 








-~ATN : | : 2 
-SEL ° ° ; ; 
-BUSY ° : ° 
2T7O . : ; 
y : : : | 
3 : : : 
-MSG : | : { 3 | 
: | : aces | 
-C/D bs 4 P | 
: ae : | 
-REQ | | | | | | 
| | | | | | 
-~ACK | : | : | | | 
| : : | | : | 
ae ~: aes Stoeast etude aia +: 
= Ls = :T34: = £is. s i a A >: T19 
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wea TABLE 6-14. LAST COMMAND BYTE TO DATA IN PHASE 
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BUS ___/ LAST No ——C“‘“‘(‘(‘i‘i YC CCITT 
0-7 \ BYTE / \ BYTE / 
-~ATN 
-~SEL 
-~BUSY : 
7/6 | 
-MSG 
_ | 3 
-REQ | _ | | 
| x | | | 
-~ACK | | “4 | 
| | | 
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me TABLE 6-15. LAST COMMAND BYTE TO DATA OUT PHASE 


BUS / LAST \ / vst \] 
0-7 \ BYTE / \ BYTE / 
~ATN 
~SEL 
-~BUSY 
-1/0 
_ -MSG 
-C/D : : 
: | 
“a. Sc caanERInIEIEREEEREEEEEEEREEEEREREEReN 3 | 
a ree | : | 
~ACK | | | ae 
| | : | | 
ete ee ee eee eee ee - 
T07, TOS 
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me TABLE 6-16. RESELECT IDENTIFY MSG TO DATA IN PHASE 


BU UN eas SC 





_ -SEL 
-BUSY 3 
~1/0 
ae 7 rr a 
05 Bo _ 


-~ACK | 





A8B14 ALY 2/99 TOC . Prnted mn Sa 


MAGNETIC PERIPHERALS INC. & N G N E E R N G SPEC 64721700 
a Control Owe Comparry cD 9 


SPECIFICATION REV 


DATE 
PAGE 75 





TWIN CITIES DISK DIVISION 
mag TABLE 6-17. DATA IN BLOCK TRANSFER 


BUS / L st \ / 2 ND \ § / LAST \ 
0-7 | \ BYTE / \ BYTE / \ BYTE / 











-ATN : : : 
-SEL ° : ‘ 
~ ~BUSY “ : : 
oe -1/0 | ° : 
( came : | oa 
-MSG | : 
ee, : : : 
-C/D | : : 
ee : ‘ 
fh eee : § ° 
~REQ | | | | 
| | | | | 
~ACY | : | : | | a 
| | : | 6] | | 
ace: aes vanes: hoes 
T24 : T2686: ; T24: : T26 3: 
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ae TABLE 6-18. DATA OUT BLOCK TRANSFER 


/ LAST \ 
\._ BYTE yf 





BUS) sree Oe \ / 2 ND \ 
Oe 4 \____BYTE__/ \__BYTE__/ 














ee : + 
-~SEL ° * 
~BUSY ° ° 
=t7O : ° 
-MSG | a : 
-~C/D | : a : : 
| | : : : 
REO | | | | [Gi 
| : | : | |_§ 3 | 
: : : : : 2S: 
~ACK | : | : | : | : | | 
| | : | : : | : | | 
euiese Sse eet vem s 
: T2s: o hels ; T2533. >: T27 : 
>: T29; : T31i5 ae sa : T3.. ¢ 
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em TABLE 6-19. LAST DATA BYTE, SAVE POINTER MSG, AND DISCONNECT MSG 


BUS LAST \ / SAVE \ / DISCON \ 
0-7 BYTE / \ PTR / \ / 





-ATN : : : 
-~SEL ° : 
-BUSY ° : : : 
_ -I/O ° : : : 
f 
~MSG ° : : : | 
-C/D : . : : | : 
-REQ '! | | | : 
eae, | | | : 
~ACK | | } oo: ae | | 
7 = : | : | : | | : 
pe eee au, giige eee €™ <n oe am ae um ae ow ais 
T20 ¢T32: °T21: :T32: T10 
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mu TABLE 6-20. DATA IN PHASE, STATUS PHASE, COMMAND COMPLETE MSG, AND BUS FREE 


BUS LAST = \ / sTATUS \ / CMD \ 
0-7 BITE / \ anne: \ ee OME / 


-ATN : ° ; 
=SEL: * : 
-BUSY ° : | 








i I / .@) ° ° : | 
. 5 : 2. | 2  \ ' 
-MSG : : — | 
: : e- | 
-c/D * | | 
: | : = 
-REQ | | | | | 
—— as | | 
~ACK | : | : | : ,° 4 | 
| 3. | : | : | : : 
» | (ee ene at s | 
$m ee ee >: Se—->: Se——>s o dae? ee ee ~ 
: T17 : :T34: ries bg OG: ne a 9a : T19 
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7.0 COMMAND DESCRIPTIONS FOR ALL DEVICE TYPES 
7.1 Group O Commands for All Device Types 
These commands shall be as listed in Table 7-1. 


TABLE 7-1. GROUP O COMMON COMMANDS FOR ALL DEVICE TYPES 


OPERATION 
CODE 


ke 


PE COMMAND NAME i I LON. 





TEST UNIT READY oe 7 eel 


REQUEST SENSE | 7eL.2 


INQUIRY 7.1.3 


L5H 
L6H 
L7H 
13H 
L9H 
LAH 
LBH 
LCH 


COPY | 7.1.4 


RECEIVE DIAGNOSTIC RESULTS 7.1 
SEND DIAGNOSTIC 7.1L 
LEH 
FH 


Oo 
fy 
ri 
Ig euBOornre eORN A 8 Bane DD eee ee eR A 


: (Type definitions are defined in 6.1.2) 

Command implementation is mandatory. 

Command implementation is optional. 

Operation code is reserved for future standardization. 
These operation codes may have different meanings EOr 
specific types of peripheral devices. (See the 
appropriate section for further information.) 


i 
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7.1.1 TEST UNIT READY Command (00H) 

Peripheral Device Type: All 
a Operation Code Type: Mandatory 


TAELE 7-2. TEST UNIT READY COMMAND 





Bit)? ea 





The TEST UNIT READY command (Table 7-2) provides a means to check if 


the logical unit is ceady. This is not a request for a self test. 
If the logical unit would accept an appropriate medium-access 


command without rcetucning CHECK CONDITION status, this command shall 
return a GOOD status. 
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7.1.2 REQUEST SENSE Command (03H) 


Peripheral Device Type: All 
Operation Code Type: Mandatory 


TABLE 7-3. REQUEST SENSE COMMAND 





The REQUEST SENSE command (Table 7-3) tequests that the target 
transfer sense data to the initiator. 


The sense data shall be valid for a CHECK CONDITION status returned 

— on the prior command. This sense data shall be preserved by the 

{ target for the initiator until retrieved by the REQUEST SENSE command 

“s Or until the receipt of any other command for the same logical unit 
from the initiator that issued the command resulting in the CHECK 
CONDITION status. Sense data shall be cleared upon receipt of any 
subsequent command to the logical unit from the initiator receiving 

ma the CHECK CONDITION status. 


The Allocation Length specifies the number of bytes that the 
initiator has allocated for returned sense data. An Allocation 
Length of zero indicates that four bytes of sense data shall be 
transferred. Any other value indicates the maximum number of bytes 
that shall be transferred. The target shall terminate the DATA IN 
phase when allocation length bytes have been transferred or when all 
available sense data have been transferred to the initiator, 
whichever is less. 


The REQUEST SENSE command shall return the CHECX CONDITION status 
only to. report fatal errors for the REQUEST SENSE command. For 
example: 


Ll. The target receives a nonzero reserved bit in the command 
descriptor block. 

2. An unrecovered parity error occurs on the DATA BUS. 

3. A target malfunction prevents return of the sense data. 


tf any non-fatal error occurs during execution of REQUEST SENSE, the 
target shall return sense data with GOOD status. Following a fatal 
error on a REQUEST SENSE comand, sense data may be invalid. 





m CDC products are required to support the extended sense data format 
m and will not support the non-extended sense format. 
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7.1.2.1 Extended Sense 
Error class 7 specifies extended sense. Error code zero specifies 
—@ the extended sense data format. Error codes 1H through FH are 
@ reserved. 


The extended sense data format is shown in Table 7-4. 


TAELE 7-4. EXTENDED SENSE DATA FORMAT 








2 
0 9 bytes 8-ll are Reserved for use va 
a 10) | by COPY or SEARCH commands \. 
= 3 
. 8 
a 
wi 
| go 
b| 
| 
The Information Bytes are not defined if the Valid bit is Zero. 
Tf the Valid bit is one, the Information Bytes contain valid 
information as follows: 
Ll. The unsigned logical block address associated with. the Sense Key, 
| for direct-access devices (Type 0), write-once read-multiple 
devices (Type 4), and read-only dizrect-access devices (Type 5). 
w Unless otherwise specified, the information bytes will contain the 
a address of the current logical block. For example, 1f Sense Key 
a is MEDIUM ERROR, it will be the Logical Block Address of the 
g failing block. 


2. The difference (residue) of the requested length minus the actual 

: length in either bytes or blocks, as determined by the command, 
for sequential-access devices (Type 1), printer devices (Tyve 2), 
and processor devices (Type 3). (Negative values are indicated BY ¢ 
two's complement notation.) , iG 





3. The difference (residue) of the requested number of blocks minus 
the actual number of blocks copied or compared for the current 
| segment descriptor of a COPY command. 
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The Segment Number contains the number of the current segment 
m descriptor if the extended sense is in response to a COPY command. 
Up to 256 segments are supported beginning with segment zero. 


The Filemark bit indicates that the current command has read a 
filemark. This bit is only used for sequential-access devices. 


The End-Of-Medium (EOM) bit indicates that an end-of-medium condition 
(end-of-tape, beginning-of-tape, out-of-paper, etc) exists ona 
_gequential access device or printer device. For sequential- 
access devices, this bit indicates that the unit is at or past the 
early-warning end-of-tape if the direction was forward or that the 
command could not be completed because beginning-of-tape was 
encountered if the direction was reverse. Direct-access devices shall 
not use this bit: instead, these devices shall report attempts to 
access beyond the end-of-medium as ILLEGAL REQUEST sense key (see 
Table 7-5). 


The Incorrect Length Indicator (ILI) bit indicates that the requested 
logical block length did not match the logical block length of the 
data on the medium. 


( The Sense Keys are described in Tables 7-5 and 7-6. 


The Additional Sense Length specifies the number of additional sense 

bytes to follow. ff the Allocation Length of the command descriptor 

block is too small to transfer all of the additional sense bytes, the 
additional sense length is not adjusted to reflect the truncation. 


The additional sense bytes contain command-specific, peripheral- 
device-specific data, or both kinds of data that further define the 

m mature of the CHECK CONDITION status. For example, the COPY command 
defines a standard purpose for some of these bytes. The use of any 
additional sense bytes by products is optional; such additional bytes 
will be product unique. 


The Error Code provides additional clarification of errors whenever 
the SENSE KEY is valid. Each Peripheral Device Type (as defined in 
the INQUIRY command) will have a unique list of Error Code 
definitions. Table 7-7 contains definitions for Direct Access 
Devices. Other Device Types have not been defined yet. 


Earth eee owas sae 


m The FRU (Field Replaceable Unit) Code is a product unique field that 
m indicates which assembly may have failed. 


{| wm The Field Pointer Valid (FPV) bit, when set to one, indicates that the 
w C/D bit and bytes 16 and 17 are valid. When set to zero, these fields 
@ shall be ignored. 
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we The Command/Data (C/D) bit, when set to one, indicates that the value 
m reported in the Field Pointer bytes is the CDB's byte number for which 
# an Illegal Request sense key was issued. When set to zero, it 

m indicates that the value reported in the Field Pointer bytes is the 

8 
ba 


byte number in the DATA phase for which an Illegal Request sense key 
was issued. 


a The Bit Pointer Valid (BPV) bit, when set to one, indicates that the 

™a Bit Pointer field is valid. The Bit Pointer field indicates which bit 
of the byte indicated by-the Field Pointer caused the Illegal Request 

a sense key. A value of 7 indicates the left most bit and zero indicates 
m the right most bit. | 





m The Field Pointer bytes provide a 16 bit pointer to the first byte 
m that caused the target to generate the Illegal Request sense Key. 


| - TABLE 7-5. SENSE KEY (OH-4H) DESCRIPTIONS 
SENSE KEY DESCRIPTION 





OH NO SENSE - Indicates that there is no specific sense key —_ 
information to be reported for the designated logical unit. Pee! 
This would be the case for a successful command or a command | 
that received a CHECK CONDITION status because one of the 
Filemark, EOM, or ILI bits is set to one. 


LH . RECOVERED ERROR ~ Indicates that the last command completed 
successfully with some recovery action performed by the 


| target. NOTE: For some Mode settings, the last command may 
| w have terminated before completing. 
. 2H NOT READY - Indicates that the logical unit addressed cannot 


be accessed. Operator intervention may be required to 
correct this condition. 


3H MEDIUM ERROR - Indicates that the command terminated with a 
nonrecovered error condition that was probably caused by a 
flaw in the medium or an error in the recorded data. 


4H HARDWARE ERROR - Indicates that the target detected a 

 monrecoverable hardware failure while performing the command 
a or during a self test. This includes SCSI interface parity 
F) error, controller failure, device failure, etc. : 
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TABLE 7-6. SENSE KEY (SH-FH) DESCRIPTIONS 


SENSE KEY DESCRIPTION 


5H 


6H 


74 


8H 


AH 


BH 


a CH 


DE 


EH 


FH 


ILLEGAL REQUEST - Indicates that there was an illegal 
parameter in the command descriptor block or in the 
additional parameters supplied as data for some commands. 
(FORMAT UNIT, SEARCH DATA, etc). If the target detects an 
invalid parameter in the command descriptor block, then it 
shall terminate the command without altering the medium. If 
the target detects an invalid parameter in the additional | 
parameters supplied as data, then the target may have already 
altered the medium. 


UNIT ATTENTION - Indicates that the removable medium may have 
been changed or the target has been reset. See 6.1.3 for 
more detailed information about the Unit Attention Condition. 


DATA PROTECT — Indicates that a command that reads or writes 
the medium was attempted on a block that is protected from 
this operation. The read or write operation is not performed. 


BLANK CHECK - Indicates that a write-once read-multiple 


device or a sequential-access device encountered a blank 
block while reading or a write-once read-multiple device 
encountered a nonblank block while writing. 


Reserved for future CDC standardization. 


COPY ABORTED - Indicates a COPY, COMPARE, or COPY AND VERIFY 
command was aborted due to an error condition on the source 
device, the destination device, or both. (See 7.1.4.2 for 
additional information about this sense key.) 


ABORTED CCMMAND - Indicates that the target aborted the 
command. The initiator may be able to recover by trying the 
command again. | 

EQUAL - Reserved and not implemented on CDC products. 

VOLUME OVERFLOW - Indicates that a buffered peripheral device 
has reached the end-of-medium and data remains in the buffer 
that has not been written to the mediun. 


MISCOMPARE —- Indicates that the source data did not match the 
data read from the mediun. 


This sense key is reserved. 
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No spare defect location available 





| aa TABLE 7-7A. DIRECT ACCESS DEVICE ERROR CODE DEFINITIONS 
| ERROR RECOMMENDED 
| CODE oe DESCRIPTION _»2ENSE KEY 
OO No additional information NO SENSE 
| O1 No index/sector signal HARDWARE ERROR 
| 02 No seek complete HARDWARE ERROR 
03 Write fault HARDWARE ERROR ofr 
| RECOVERED ERROR 
| 04 Drive not ready NOT READY OE 
iz RECOVERED ERROR 
ft Q5 Drive not selected NOT: READY 
| 06 No track zero found HARDWARE ERROR 
| 08 Logical Unit communication failure HARDWARE ERROR or 
RECOVERED ERROR 
09 Track following error HARDWARE ERROR ofr 
estate ee eae es a ___ RECOVERED ERROR 
i LO ID CRC or ECC error MEDIUM ERROR OL 
| : RECOVERED ERROR 
11 Unrecovered Read error of data MEDIUM ERROR 
| LZ No Address Mark found in ID field MEDIUM ERROR Or 
| . RECOVERED ERROR 
| 13 No Address Mark found in Data field MEDIUM ERROR or 
RECOVERED ERROR 
14 No record found MEDIUM ERROR. oO: 
| | RECOVERED ERROR 
15 Seek positioning error HARDWARE ERROR of 
| MEDIUM ERROR or) 
| RECOVERED ERROR 
| 17 Read Retries applied to recover data RECOVERED ERROR 
18 ECC applied to recover data RECOVERED ERROR 
| 19 Defect list error MEDIUM ERROR OF 
3 RECOVERED ERROR 
| 1A | Parameter overrun ILLEGAL REQUEST 
1B Synchronous transfer error HARDWARE ERROR 
1c Primary Defect List not found MEDIUM ERROR 
| 1D. Compare error MISCOMPARE 
| 20 Invalid Command Operation Code ILLEGAL REQUEST 
| 21 Invalid Logical Block Address ILLEGAL REQUEST 
| 22 Illegal function for device type ILLEGAL REQUEST 
| 24 Illegal use of bit or byte in CDB ILLEGAL REQUEST 
j 25 Invalid LUN ILLEGAL REQUEST 
| 26 Invalid field in parameter list ILLEGAL REQUEST 
ae Write protected RARDWARE ERROR 
| 28 Medium changed : | UNIT ATTENTION 
| 29 Power On Reset, hard RESET, or UNIT ATTENTION 
BUS DEVICE RESET message occured 
| 2A MODE SELECT parameters changed by UNIT ATTENTION 
| er os ATO VG SoU an Saas at oe 
30 Incompatible cartridge MEDIUM ERROR 
| 31 Medium format corrupted MEDIUM ERROR 
| 32 MEDIUM 


ERROR 
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! au TABLE 7-7B. DIRECT ACCESS DEVICE ERROR CODE DEFINITIONS 
| ERROR RECOMMENDED 
| CODE DESCRIPTION SENSE KEY 
| 40 RAM failure | HARDWARE ERROR 
| 41 Data Path diagnostic failure HARDWARE ERROR 
| 42 Power On diagnostic failure HARDWARE ERROR 
| 43 MESSAGE REJECT message retry failure ABORTED COMMAND 
| 44 Target internal parity/hardware error HARDWARE ERROR or 
| RECOVERED ERROR 
| 45 SELECTION/RESELECTION failure | ABORTED COMMAND 
! 46 Unsuccessful soft RESET HARDWARE ERROR or 
| ABORTED COMMAND 
| 47 SCSI Bus parity error HARDWARE ERROR 
| INITIATOR DETECTED ERROR retry failure ABORTED COMMAND 
| 


Aagia Aev Ws3 


bees Product Unique error code 


NOTE: All other codes are Reserved for future use. 


ee ae 
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| Table numbers 7-8, 


| Description tables. 
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7-9, and 7-10 


are reserved for future Error Code 
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7.1.3 INQUIRY Command (12H) ~ 


Peripheral Device Type: All 
P Operation Code Type: Mandatory 


| TABLE 7-11. INQUIRY COMMAND 





| The INQUIRY command (Table 7-11) requests that information 
regarding parameters of the target and its attached peripheral 
device(s) be sent to the initiator. 


{ . The Allocation Length specifies the number of bytes that the 

oe initiator has allocated for returned INQUIRY data. An Allocation 
Length of zero indicates that no INQUIRY data shall be 

transferred. This condition shall not be considered as an error. 
Any other value indicates the maximum number of bytes that shall be 
transferred. The target shall terminate the DATA IN phase when © 
allocation length bytes have been transferred or when all available 
INQUIRY data have been transferred to the initiator, whichever is 
less. 


A CHECK CONDITION status shall only be reported when the target 
cannot return the requested INQUIRY data. (Implementors note: It 
1s recommended that the INQUIRY data be returned even though the 
peripheral device may not be ready for other commands.) 


f an INQUIRY command is received from an initiator with a pending 
Unit Attention Condition (before the target reports check condition 
Status). the target shall perform the INQUIRY command and shall not 
clear the Unit Attention Condition. (See 6.1.3.) 


| The INQUIRY data (Table 7-12) contains a five byte header, followed 
by the vendor unique parameters, if any. 
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| TABLE 7-12. INQUIRY DATA 








23 | Revision Level 
| Revision Level 


BEO BBB RBBBS" BR RBHORBERBBRE eH eeReee ee 
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| Table 7-13. PERIPHERAL DEVICE TYPE 
CODE DESCRIPTION 
OOH Direct-access device (e@.g., magnetic disk) 
O18 Sequential-access device (e.g., magnetic tape) 
02H Peinter device 
03H Processor device 
04H Write-once read-multiple device (e.g., some optical disks) 
OSH Read-only direct-access device (e.g., some optical disks) 
O06H--7EH Reserved 
7FH Logical Unit not present 
2 80H--FFH Reserved 


| The Peripheral Device Type is shown in Table 7-13. 


A Removable Medium (RMB) bit of zero indicates that the medium is not 


removable. 


The Device-Type Qualifier is a seven bit user specified code. 


A RMB bit of one indicates that the medium is removable. 


This 


code may be set with switches or by some other means by the target 


The usage of 


Re ECE EPI FSR Rew RSE 


| and 


CODE 


LH 
2H--7H 


AAQGTS ALY 2/83 TOC 


Qf peripheral device. 
feature allows each user to assign unique codes to each specific 
of peripheral device that is supported on the system being used. 
codes may then be used by self-configuring software to determine 
Specific peripheral device is at each logical unit number. 
especially valuable for systems that support 
removable medium. | 


This 
type 

These 
what 
is 


CDC preducts shall return all zero bits. 


This 
multiple types of 


nonzero code values in the ISO Version and ECMA Version 


fields is defined by the International Standards Organization and the 
European Computer Manufacturers Association, 
value in these fields shall indicate that the target does not claim 
compliance to the ISO or ECMA versions of SCSI. 
possible to claim compliance to more than one of these SCSI standards. 


respectively. A zero code 


Note that it ls 


The ANSI version is the implemented version of the ANSI SCSI standard 
is defined as shown in Table 7-14. 


TABLE 7-14. ANSI VERSION 

LTE. 8 Sab oe ©) | Se ee le A A ee ee RE 
Version is before ANSI standard is first approved. 
Complies with first release of ANSI SCSI standard. 
Reserved 
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w The Response Data Format indicates the format that additional INQUIRY 
| m data will be in. Codes are defined in Table 7-15. 


| me TABLE 7-15. RESPONSE DATA FORMAT 
_CODE __—s—“‘éDEESCRRIPTIONN 
OH Vendor Unique 
1H Common Command Set (CCS) 
2u—--FH Reserved 


The Additional Length shall specify the length in bytes of the vendor 
@ unique parameters. For CDC products this additional length will 
wm always be 31 decimal. If the Allocation Length of the command 
descriptor block is too small to transfer all of the vendor unique 
parameters, the additional length shall not be adjusted to reflect 
the truncation. 


The Vendor Identification bytes for our company will be the ASCII 
characters for ‘'CDC' plus five ASCII blanks as shown in Table 7-12. 
Optical Storage International will use the ASCII characters for 'OSI' 
in bytes 8-10. 


The Product Identification bytes will be the ASCII characters for thes. 
product identification codes and will be defined in individual 
Product Specifications. 


-@ The Revision Level is a product specific hardware and software 
mw revision level coded as four ASCII characters. 
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7.1.4 COPY Command (18H) 


ae 
\ : es 


Peripheral Device Type: All 
Operation Code Type: Optional (iaadavocy for backup devices) 


TABLE 7-17. COPY COMMAND 





The COPY command (Table 7-17) provides a means to copy data from one 
logical unit to another or the same logical unit. The logical units 
may reside on the same SCSI device or different SCSI devices. CDC 
backup devices (i.e., devices with removable media) must support COPY 
to oc from another SCSI device. All other COPY features are optional. 


A CDC device that implements COPY command will only use commands 
listed as mandatory (in this specification) when ecamenecorsng: with 
other SCSI devices. | 


The Parameter List Length specifies the length in bytes of the 
Darameters that shall be sent during the DATA OUT phase of the 
command. A Parameter List Length of zero indicates that no data 
Shall be transferred. This condition shall not be considered as an 
error. 
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| The COPY parameter list (Table 7-18) begins with a four-byte header 
that contains the COPY function code and priority. Following the 
header is one of more segment descriptors. 


or 


| TABLE 7-18. COPY PARAMETER LIST 





oO- | Segment Descriptor 9) 








The COPY functicn code defines a specific format for the seqment t 
descriptors. The COPY function codes are defined in Table 7-19. a 


The Priority field of the COPY parameter list establishes the 
relative priority of this COPY command to other commands being 
executed by the same target. All other commands are assumed to have 
a priority of 1. Priority O is the highest priority with increasing 
values indicating lower priorities. 


The Segment Descriptor formats are determined by the COPY function 
code. The Segment Descriptor format used for write-once read-multiple 
devices and for read-only direct-access devices shall be the same as 
for direct-access devices. The Segment Descriptor format used for 
printer devices and for processor devices shall be the same as for 
sequential-access devices. Thus a COPY from a write-once 
 Lead-multiple device to a printer device uses the same Segment 
Descriptor format as for a COPY from a direct-access device to a 
| sequential-access device. (See Table 7-19.) The Segment Descriptor 
| . formats are described in Tables 7-20 through 7-22. A maximum of 256 
segment descriptors are permitted. The segment descriptors are 
ldentified by ascending numbers beginning with zero. 
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TABLE 7-19. COPY FUNCTIONS 


PERIPHERAL DEVICE TYPE | 


| FUNCTION 


COPY 


SEGMENT 
DESCRIPTION 
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O1H 
O1H 
O1H 
03H 
03H 
O3H 
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Peripheral device tyve: 


COPY function code: 
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Q0R 
04H 
00H 
04H 
OOH 
04H 


O1H 
O2H 
03H 
028 
O2H 
O3H 


00H 
O1H 
02H 
03H 
04H 
05H 


00H 
O1H 
02H 
03H 
04H--OFH 
LOH~-1LPH 


O1lH 


O1H 
Q1H 


02 

O2H 
O2H 
02H 
02H 
02H 


03H 
O38 
03H 
O3H 
O3H 
03H 


Direct-access device 


Table 


Table 
Table 
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Fe2l 
7-24 
T-21 
7-21 


7-22 
7-22 
7-22 
T=-22 
7-22 
7-22 


Direct Access 
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Sequential Access 


Sequential Access 
C0 


Direct Access 


Direct Access 


CoO. 


Direct Access 


Sequential-access device 
device 
Processor device 
Write-once read-multiple device 
Read-only direct-access device 


Printer 


Sequential Access 
to 
Sequential Access 


Direct access to sequential access 
Sequential access to direct access 
Direct access to direct access 


Sequential access to sequential access 


Reserved 
Reserved 
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7.1.4.1 Errors Detected by the Managing SCSI Device 


Two classes of unusual conditions may occur during execution of a 
COPY command. The first class consists of those unusual conditions 
detected by the SCSI device that received the COPY command and is 
managing the execution of the command. These conditions include 
parity errors while transferring the COPY command and status byte, 
invalid parameters in the COPY command, invalid segment descriptors, 
and inability of the SCSI device controlling the COPY functions to 
continue operating. In the event of such an unusual condition, the 
SCSI device managing the COPY shall: 


l. Terminate the COPY command with a CHECK CONDITION status. 


2. Return the sense data in the extended sense format. The Valid 
bit shall be set to one. The Segment Number shall contain the 
number of the segment descriptor being processed at the time the 
unusual condition is detected. The Sense Key shall contain the 
sense key code describing the unusual condition. The information 
bytes shall contain the difference between the number of blocks 
field in the segment descriptor being processed at the time of 
the failure and the number of blocks successfully copied. This — 
number is the residue of unprocessed blocks remaining for the ae 
segment descriptor. ~ 


7.1.4.2 Errors Detected by a Target 


The second class of errors consists of unusual conditions detected by 
the SCSI device transferring data at the request of the SCSI device 
Managing the transfer. The SCSI device managing the COPY command 
detects unusual conditions by receiving a CHECK CONDITION status from 
one of the SCSI devices it is managing. It then shall recover the 
sense data .ssociated with the unusual condition. 


The SCSI device managing the COPY command may also be the source or 
destination SCSI device (or both). It shall distinguish between a 
failure of the management of the COPY and a failure of the data 
transfer being requested. It shall then create the appropriate sense 
data internally. After recovering the sense data associated with the 
detected error, the SCSI device managing the COPY command shall: 


lL. Terminate the COPY command with a CHECK CONDITION status. 
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2. Return the sense data in the extended sense format. The Valid 
bit shall be set to one. The Segment Number shall contain the 
number of the Segment Descriptor being processed at the time 
the unusual condition is detected. The Sense Key shall be set. 
to COPY ABORTED. The Information Bytes shall contain the 
difference between the number of blocks field in the segment 
descriptor being processed at the time of the failure and the 
number of blocks successfully copied. This number is the 
residue of unprocessed blocks remaining for the segment 
descriptor. The Additional Sense Length shall specify the 
number of additional sense bytes. 


The first additional sense byte shall specify the byte number, 
relative to the first byte cf sense data, of the beginning of the 
source logical unit's status byte and sense data. A zero value 
indicates that no status byte or sense data is being returned for. 
the source logical unit. The first byte of the area pointed to by 
the first additional sense byte shall contain the status byte from 
the source logical unit. The subsequent bytes shall contain, 
unchanged, the sense data recovered from the source logical unit. 


The second additional sense byte shall specify the byte number, 
relative to the first byte of sense data of the beginning of the 
destination logical unit's status byte and sense data. A zero 
Value indicates that no status byte or sense data is being returned 
for the destination logical unit. The first byte of the area 
pointed to by the second additional sense byte shall contain the 
Status byte from the destination logical unit. The subsequent 
bytes shall contain, unchanged, the sense data recovered from the 
destination logical unit. 
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7.1.4.3 COPY Function Code 00H and 01H 


The format for the segment descriptors for COPY transfers between 
direct-access and sequential-access devices is specified in Table 
| 7-20. This format is required for COPY function codes OOH or O1H. 
The segment descriptor may be repeated up to 256 times within the 
Parameter List Length specified in the command descriptor block. 


TABLE 7-20. SEGMENT DESCRIPTOR FOR COPY FUNCTION CODES OOH AND 01H 
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Source Address and Destination Address fields specify the ScSI 
devices and the Source LUN and Destination LUN flelds specify the 
logical units to use for this segment of the COPY command. Some SCSi 
devices may not support "third-party" COPY in which the copying SCSI 
device is not the source or destination device. Some SCSI devices 
only support COPY within the SCSI device and not to other scsi 
devices. If an unsupported COPY operation is requested, the command 
shall be terminated with a CHECK CONDITION status and the Sense Key 
Shall be set to ILLEGAL REQUEST. | 


The Sequential-—-Access Device Block-Length field specifies the 
block-length to be used on the sequential-access logical unit during 
this segment of the COPY command. If this block-length is Known by 
the SCSI device managing the COPY to be not supported, the command 
shall be terminated with a CHECK CONDITION status and the Sense Key 
shall be set to ILLEGAL REQUEST. If the block-length is found to be 
invalid while executing a read or write operation to the 
sequential-access device, the command shall be terminated with a 
CHECK CONDITION status -and the Sense Key shall be set to COPY ABORTED. 


The Direct-Access Device Number of Blocks field specifies the number 
of blocks in the current segment. A value of zero indicates that no 
blocks shall be transferred in this segment. The Direct-Access 
Device Logical Block Address specifies the starting Logical block 
address on the logical unit for this segqment. © 
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7.1.4.4 COPY Function Code 02H 


The format for the segment descriptors for COPY transfers among 

| direct-access devices is specified by Table 7-21. This format is 
required for COPY function code 02H. The segment descriptor may be 
repeated up to 256 times within the parameter list length specified 
ig the command descriptor block. 


| TABLE 7-21. SEGMENT DESCRIPTOR FOR COPY FUNCTION CODE O2k 


i 
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The Source Address and Destination Address fields specify the SCSI 
devices and the Source LUN and Destination LUN specify the logical 
units to use for this segment of the COPY command. Some SCSI 
devices may not support "third-party" COPY in which the copying 
SCSI device 1s not the source or destination device. Some ScsI 
devices only support COPY within the SCSI device and not to other 
SCSI devices. If an unsupported COPY operation is requestad, the 
command shall be terminated with a CHECK CONDITION status and the 
sense Key shall be set to ILLEGAL REQUEST. 


The Source Number of Blocks field specifies the number of blocks to 
be transferred from the source device during command execution. 

The Source Logical Block Address field specifies the starting 
logical block address on the source device. The Destination 

a Logical Block Address field specifies the starting logical block 

( address on the destination device. 
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7.1.4.5 COPY Function Code 03H 


The format for the segment descriptors for COPY transfers among 

| sequential-access devices is specified by Table 7-22. This format 
is required for COPY function code 03H. The segment descriptor may 
be repeated up to 256 times within the parameter list length 
specified in the command descriptor block. 


| TABLE 7-22. SEGMENT DESCRIPTOR FOR COPY FUNCTION CODE 03H 


\ 
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Source Address and Destination Address fields specify the SCSI 
devices and the Source LUN and Destination LUN fields specify the 
logical units to use for this segqment of the COPY command. Some SCSI 
devices may not support "third-party" COPY in which the copying SCSI 
device is not the source or destination device. Some SCSI devices 
only support COPY within the SCSI device and not to other SCSI 
devices. If an unsupported COPY operation is requested, the command 
shall be terminated with a CHECK CONDITION ‘status and the sense key 
shall be set to ILLEGAL REQUEST. 


The Seueee Block-Length field specifies the block-length of the 
source device for this segment of the COPY. A zero in this field 
indicates variable block-length. For nonzero values, this field 
shall match the logical unit's actual block-length. If block-length 
Mismatches are detected by the SCSI device managing the COPY, the 
command shall be terminated with a CHECK CONDITION status and the 
sense key shall be set to ILLEGAL REQUEST. €£ the mismatches are 
detected during the read operation by the COPY manager, the command 
shall be terminated with a CHECK CONDITION ‘status and the Sense Key 
shall be set to COPY ABORTED. 


The Destination Block-Length field specifies the block-length to be 
used on the destination logical unit during the COPY. Destination 
block-length mismatches are handled in the same manner as source 
block-length mismatches. 
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The Source Number of Blocks field specifies the number of blocks to be 
transferred from the source device during this segment. A value of zero 
indicates that no blocks shall be transferred. 
7.4225 RECEIVE DIAGNOSTIC RESULTS Command (1CH) 
Peripheral Device YTyvwe: <All 


Operation Code Type: Optional 


| TABLE 7-23. RECEIVE DIAGNOSTIC RESULTS COMMAND 


wit « | « | s {| @  & { 2 | 





| The RECEIVE DIAGNOSTIC RESULTS command (Table 7-23) requests analysis 
data be sent to the initiator after completion of a SEND DIAGNOSTIC 
command (see 7.1.6). 


The Allocation Length shall specify the number of bytes that the 
initiator has allocated for returned diagnostic data. An Allocation 
Length of zero indicates that no diagnostic data shall be 
transferred. Any other value indicates the maximum number of bytes 
that shall be transferred. The target terminates the DATA IN phase 
when allocation Length bytes have been transferred or when all 
available diagnostic data have been transferred to the initiator, 
whichever is less. 


m The diagnostic data returned is vendor unique. CDC products will 
| m return bytes as defined in Table 7-24. 





ABAIG REV. 2/83 COG Peiated nm US 








_ ENGINEERING spec 54721700 


SPECIFICATION REV on 





MAGNETIC PERIPHERALS INC. 
aControt Data Company 








TWIN CITIES DISK DIVISION 


| ae | TABLE 7-24. CDC DIAGNOSTIC DATA BYTES 


BYTE DESCRIPTION 
0 Additional Length (MSB) 
. 1 Additional Length (LSB) 


FRU Code (most probable) 
FRU Code 

FRU Code 

FRU Code (least probable) 
Error Code (MSB) 

Error Code (LSB) 
Optional product 

unique bytes. 


opto ewan 


Additional . 

Length: This two byte value indicates the number of additional 
bytes included in the diagnostic data list. For example, 
1£ no product unique bytes were available, this value 
would be 0O006H. A value of OOOOH means that there are no «~ 
additional bytes. : 


FRU Code: A Field Replacable Unit code is a byte that identifies an 
assembly that may have failed. The codes will be listed 
in probability order, with the most probable assembly 
listed first and the least probable listed last. A code 
of OOH indicates that there is no FRU information and a 
code of O1H indicates that the entire unit should be 
replaced. Other values have product unique meanings. 


Error Code: This two byte value provides information about what part 
of a diagnostic operation has failed. 
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7.1.6 SEND DIAGNOSTIC Command (1DH) 


Peripheral Device Type: All 
P=] Operation Code Type: Mandatory 


| | TABLE 7-25. SEND DIAGNOSTIC COMMAND 


| 
| 
| 
| 
| 
| 
| 
| 
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The SEND DIAGNOSTIC command (Table 7-25) requests the target to. 
perform diagnostic tests on itself, on the attached peripherai 


gg devices, or on both. CDC products shall support use of the SelfTts 
{ m bit. Other SEND DIAGNOSTIC command features are 
m optional. 


The Parameter List Length specifies the length in bytes of the 
parameter list that shall be transferred during the DATA CUT phase. 
A Parameter List Length of zero indicates that no data shall be 
transferred. This condition shall not be considered as an error. 

™m The parameter list is vendor unique and reserved for future 

m standardization by CDdc. 


A logical Unit Off-Line (UnitOfL) bit of one enables write operations 
on user medium of operations that affect user visible medium 
positioning. An SCSI Device Off-Line (DevOfL) bit of one enables 
diagnostic operations that may adversely affect operations to other 
logical units on the same target. 


The Logical Unit Off-Line and SCSI Device Off-Line bits are generally 
set by operating system software, while the parameter list is 
prepared by diagnostic application software. Thus, by preventing 
operations that are not enabled by these bits, the target assists the 
operating system in protecting its resources. 


A Self Test bit of one directs the target to complete its default 
self test. If the self test is requested, the parameter list length 
shall be set to zero and no data shall be transferred. I£ the self 


a test successfully passes, the command shall be terminated with a GOOD 
( - status; otherwise, the command shall be terminated with a CHECK 
oP : CONDITION status and, 1£ extended sense is implemented, the Sense Key 


shall be set to HARDWARE ERROR. 


ABOTSs REV. 2/83 COC Pretag um iy 








ED MAGNETIC PERIPHERALS INC E N GINEE RI NG SPEC 647 21700 
— SPECIFICATION =| =v, o 


PAGE 104 





TWIN CITIES DISK DIVISION 
7.2 Group 1 Commands for All Device Types 


| These commands shall be as listed in Table 7-26. 


TABLE 7-26. GROUP 1 COMMANDS FOR ALL DEVICE TYPES 


OPERATION 7 


20H 

21H 

. 22H 

23H 

24H 

25H 

26H 

278 

= 28H 
~ se 29H 
ne 2AH 
| 2BH 
2CH 

2DH 

: 22H 
ae . 2FH 
30H 


COMPARE 

COPY AND VERIFY 
WRITE DATA BUFFER 
READ DATA BUFFER 


SU YA 


R 
R 
R 
R 
oR 
$e 
R 
R 
" 
R 
* 
R 
R 
R 
ee 
# 
xe 
we 
4 
ve 
R 
R 
R 
oR 
:. 
©) 
6) 
mM 
M 
R 
R 
R 





Key: (Type definitions are defined in 6.1.2) 

Command implementation is optional. oe ee 
Operation code is reserved for future standardization. ee 
These operation codes may have different meanings for spec{ 4. 
types of peripheral devices. (see the appropriate section fou” 
further information.) | 


8 
aa 
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7.2.14 COMPARE command (39H) 


CDC products do not implement this command at this time. 


7.2.2 COPY AND VERIFY command (3AH) 
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cbD¢e products do not implement this command at this time. 


2.3 WRITE DATA SUFFER Command (3BH) 


Peripheral Device Type: All 
Operation Code Type: Mandatory 


TABLE 7-27. WRITE DATA BUFFER COMMAND 


“BIT; 7 | 6 | 5S | 4 | 3 | 2 | © | Oo - 


The WRITE DATA BUFFER Command is used in conjunction with the READ 
BUFFER command as a diagnostic function for testing the target's data 
buffer memory and the SCSI bus integrity. The medium shall not be 
accessed during the execution of this command. 


The Byte Transfer Length includes a four byte header and the WRITE 
DATA BUFFER data. Up to 65,535 bytes may be transferred, consisting 
of four bytes of header and up to 65,531 bytes of data. A transfer 
length of zero indicates that no data transfer shall take place. 
This condition shall not create the CHECK CONDITION status. I£ tne 
transfer length is greater than the Available Length reported by the 
READ DATA BUFFER header, the target shall create the CHECK CONDITION 
Status with the Sense Key of ILLEGAL REQUEST. In this case no data 
shall be transferred from the initiator. 


It shall not be tonsidered an error to request a transfer length less 
than the Available Length. 
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TABLE 7-28 WRITE DATA BUFFER HEADER 
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CONDITION —“‘é‘éCSENSSE KEY 
Transfer length greater than ILLEGAL REQUEST 


buffer size. 


Target reset or medium change since  $$/UNIT ATTENTION 
last command from this initiator. 


oa 7.2.4 READ DATA BUFFER Command (3CH) 





Peripheral Device Type: All 
Operation Code Type: Mandatory 





TABLE 7-29. READ DATA BUFFER COMMAN < 
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The READ DATA BUFFER Command is used in conjunction with the WRIT 
DATA BUFFER command as a diagnostic function for testing the target's 
data buffer memory and the SCSI bus integrity. The medium shall not 
be accessed during the execution of this command. 


The Allocation Length specifies the number of bytes that the initiator 
has allocated for returned READ DATA BUFFER data. An Allocation 
Length of zero indicates that no READ DATA BUFFER data shall be 
transferred. This condition shall not create the Check Condition 
Status. Any other value indicates the maximum number of bytes to be 
transferred. This data is to be used by the initiator for comparison, . 
with the data pattern sent during the WRITE DATA BUFFER command. Up {& .. 
to 65,535 bytes may be requested to be transferred, consisting of fous” 
bytes of header and up to 65,531 bytes of data. 
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If the Allocation Length is greater than the Available Length (from 
READ DATA BUFFER Header), only the Available Length shall be 
transferred to the initiator... It shall not be considered an error to 
request an Allocation Length less than the Available Length. 


The target shall terminate the DATA IN phase when allocation length 
bytes have been transferred or when all available READ DATA BUFFER 
data have been transferred to the initiator, whichever is less. 


The READ DATA BUFPER contains a four byte header, followed by the READ 
DATA BUFFER data. 


| TABLE 7-30. READ DATA BUFFER HEADER 


4$3 
. 
; 
; 
; 





Some targets may optionally try to detect whether buffer data is 
changed between a WRITE DATA BUFFER and a READ DATA BUFFER command. 
If that target detects that buffer data was changed, the target shall 
create CHECK CONDITION status with a Sense Key of Miscompare. In 
this case no data shall be transferred to the initiator. 


To avoid corruption of data, it is recommended that the initiator do 
one of the following: 


L. issue the RESERVE UNIT command pricr to the WRITE DATA BUFFER 
command and issue RELEASE UNIT command after the READ DATA BUFFER 
command. 


2. select without allowing disconnection and link the WRITE DATA 
BUFFER and READ DATA BUFFER commands togetner. 


The Avallable Length of data bytes returned by the target may be up 
to 65,531 bytes (64k bytes minus 4 byte header) or the target maximum 
butfer size, whichever is less. CDC products shall support an 
Available Length of one logical block or larger. If the Allocation 
Length of CDB is too small to transfer all of the Available Length, 
the Available Length shall not be adjusted to reflect the trunctation. 
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re Group 2 @ommands for All Devices Types 


+The Group 2 commands essetavton codes 40H through 5FH) are all reserved 
for future standardization. 


7.4 Group 3 Commands for All Device Types 


The Group 3 commands (operation codes 60H through 7FH) are all reserved 
for future standardization. ; 


7.5 Group 4 Commands for All Device Types 


The Group 4 commands (operation codes 80H through 9FH) are all reserved 
for future standardization. 


7.6 Group 5 Commands for All Device Types 


= The Group 5 commands with operation codes AOH through BFH are reserved 
mw .for future standardization. 


7.7 Group 6 Commands for All Device Types 
w The Group 6 commands (operation codes COH through DFH) are ail reserva” \ 
@ for proprietary CDC panusecee rand usage. Customers should not attempts 
@ use these functions. | 


7.8 Group 7 Commands for All Device Types 


w The Group 7 commands (operation codes EOH through FFH) are all cDdCc 
mg reserved. 
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8.0 COMMAND DESCRIPTIONS FOR DIRECT-~ACCESS DEVICES 
8.1 Group 0 Commands for Direct-Access Devices 


The Group 0 commands for direct-access devices shall be as shown in Table 





8-1. 
TABLE 6-1. GROUP O COMMANDS FOR DIRECT-ACCESS DEVICES 
OPERATION 
wee OE COMMAND NAME SECTION 
a 00H M TEST UNIT READY (eee 
a 01H M REZERO UNIT 8.1.1 
02H R | 
03H M REQUEST SENSE epee. 
04H mM FORMAT UNIT 8.1.2 
OSH R 
06H R 
2 O7H M REASSIGN BLOCKS 8.1.3 
‘(> 08H M READ 8.1.4 
OSH R 
OAH M WRITE 8.1.5 
a OBH Mi SEEK 8.1.6 
OCH R 
ODH R 
OEH R 
OFH R 
LOH R 
118 R 
a 12H M INQUIRY Tiles 
13H R : 
14H R 
a 15H M MODE SELECT 8.1.7 
m 16H M RESERVE 8.1.8 
s 17H M RELEASE 8.1.9 
18H O COPY Ta iach 
19H R 
5 1AH M MODE SENSE 8.1.10 
1BH O START/STOP UNIT 8.1.11 
1CH fe) RECEIVE DIAGNOSTIC RESULTS Fits 
a LDH M SEND DIAGNOSTIC 7.1.6 
LEH O PREVENT/ALLOW MEDIUM REMOVAL 8.1.12 
LFH R 





y: (Type definitions are defined in 6.1.2) 

Command implementation is mandatory. 

Command implementation is optional. 

Operation code is reserved for future standardization. 


wos eo 
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8.1.1 REZERO UNIT Command (01H) 


Peripheral Device Type: Direct Access 
a Operation Code Type: Mandatory 


TABLE 8-2. REZERO UNIT COMMAND 








ma The REZERO UNIT command (Table 8-2) requests that the target set 
ma the logical unit to logical block address zero. 


8.1.2 FORMAT UNIT Command (04H) 


Peripheral Device Type: Direct Access 2 
Operation Code Type: Mandatory 


TABLE 8-3. FORMAT UNIT COMMAND 





come Une Se Ee ee eR emeeTD ReD 


The FORMAT UNIT command (Table 8-3) ensures that the medium is 

m formatted so that all of the user addressable data blocks can be 
accessed. There 1s no guarantee that the medium has or has not been 
altered. In addition, the medium may be certified and control 
structures be created for the management of the medium and defects. 


The FORMAT UNIT command shall be rejected with RESERVATION CONFLICT 
 $tatus if any extent (see 8.1.8.2) in the specified logical unit is 
reserved. 7 7 | 
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A Format Data (FmtData) bit of one indicates that format data is 
supplied during the DATA OUT phase. The defect list included with 
this data specifies the defects that shall be entered into the defect 
map. The format of the defect list is determined by Defect List 
Format fleld. A FmtData bit of zero indicates that the DATA OUT 
phase shall not occur (no defect data shall be supplied by the 
initiator). 


A Complete List (CmpLst) bit of one indicates the data supplied is 
mw to be the complete list of Growth defects. Any previous Growth or 
m Certification defect data shall be erased. The target may add to 

this list as it formats the medium. The result is to purge any 
m previous Growth or Certification defect list and to build a new 

defect list. A CmpLst bit of Zero indicates that the data supplied 
m is in addition to existing Growth defect list. 


m The use of the P and C defect lists is controlled by byte 1 of the 
m@ defect list header (See figure 8-5). 


The Defect List Format field specifies additional information related 
to the defect list. (See Table 8-4 for further information.) 


The Interleave field requests that the logical blocks be related in a 
specific fashion to the physical blocks to facilitate speed 
matching. Am interleave value of zero requests that the target use 
its default interleave. An interleave value of one requests that 
consecutive logical blocks be placed in consecutive physical order. 

m Values of two or greater indicate that one or more (respectively) 

m physical blocks separate consecutive logical blocks. 


m The definitions listed below are needed to help in understanding the 
m alternatives listed in Table 3-4. | 


a FP = Primary Defect List: The list of defects supplied by the original 
m3 manufacturer of the disk (and stored within the peripheral). 


ma C = Cartification Defect List: The defects that are found by the 


ms target controller during a FORMAT UNIT command. 

=m G = Growth Defect List: The defects detected after the disk has been 

x used to store and retrieve data. These include defects automatically 
ui reallocated by the target, by a REASSIGN BLOCKS command, or by a Data 
w Defect List of a previous FORMAT UNIT command. 


2 
Oo 


= Data Defect List: This list is supplied to the target by the 
initiator in the Data Out phase of a FORMAT UNIT command. 
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TABLE 8-4. FORMAT UNIT COMMAND VARIATIONS. 


BIT REFERENCE | : Be. 4 
4 3 2 1 9) X = Bit ignored by target. Recommend 
Fmt cCmp Defect List | that the initiator send a zero. 
Data List Format MMAN 





a O xX X x x Mandatory No Data Out phase (no defect list 
| ie P+C header, no defect descriptors). 
CDE -Aelgh will use P and C 








a il o oO x x Mandatory Defect List Length must be zero 
with G but four byte header is sent. 
‘ See Note l. 
a 41 L 0 a A Mandatory 
. G1 t= ao ee 
2 1 0 0 X 4 Not Non-zero Defect List Length is 
OK Spported unsupported by CdC products. 
3s 1 8) z 0 fs) Optional Defect Descriptors in Bytes From © 
G+ D Index Format (see Table 8-6). re 
| Defect List Length must be a 
@ i 1 1 0 0) Optional multiple of 8. See Note l. 
| | i > ROE eee . 
= fe) L  O i Optional Defect Descriptors in Physical 
G+ D Sector Format (see Table 8-7). 
| | Defect List Length must be a 
a olf 1, i e) a Optional multiple of 8. See Note l. 
oe? eee 
2 l oO 1 1 6) Optional Defect Descriptors in Product 
G+ D Unique Format. See product 


Specification. See Note l. 


s 1 2: 1 L ) Optional 





NOTE 1: Byte L of the Defect List ‘Header determines if the P and C 
7 defects are used or ignored. 


NOTE 2: Each CDC product is required to Support one of the three 
| Defect List Format codes (Bytes From Index, Physical Sector, 
Vendor Unique) listed as optional in this Table. 
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The defect lists shown in Tables 8-6 and 8-7 contain a four-byte header 
followed by one or more defect descriptors. The length of the Defect 
Descriptors vary with the format of the defect list. 


The Defect List Length in each table specifies the total length in 
bytes of the defect descriptors that follow. In Tables 8-6 and 8-7 the 
Defect List Length is aqual to eight times the number of defect 
descriptocs. 


aw TABLE 8-5. DEFECT LIST HEADER (All List Types) 





__Reserved 





| m The Format Options Valid (FOV) bit, when set to one, enables the 
DPRY, DCRT, and STPF bits. The other bits are ignored when this bit 
is a zero. The CDC default when the FOV bit is zero is: 

® DPRY bit equal to 2ero, 

® DCRT bit equal to zero, 

® STPF bit equal to zero. 





The Disable Primary List (DPRY) bit, when set to one, asks that the 
flaws from the Primary defect list not be deallocated during 
formatting. When set to zero,the flaws from the Primary Defect List 
Shall be deallocated during formatting. The Disable Certification 
(DCRT) bit, when set to one, asks that certification not be performed 
during formatting. When set to zero, certification is allowed during 
formatting. The Stop Format (STPF) bit, when set to one, requests 
that formatting be terminated if an error is ancountered in accessing 
a defect list or if the target runs out of spare locations for 
defects. The target shall create Check Condition status with Medium 
Error Sense Key. When set to zero, formatting shall continue if an 
erroe in accessing a defect list is encountered or if the target runs 
out of spare locations for defects. After completion of formatting, 
the target shall create Check Condition status with Recovered Error 
Sense Key. 





{ Support for FOV, DPRY and STPF bit functions is mandatory for CDC 
ae w products. Support of the DCRT bit is required only if the product 
¢( Sf does certification during format. 
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TABLE 8-6. DEFECT LIST - BYTES FROM INDEX FORMAT 





a 7 i aa = 7 = 7 = — = Se ~ a 


i a 5 
EE NEOtTS Gee Gent 






= Byte 1 of header is described in Table 8-5. The Defect List Format 
so field must be 100 (binary) for this description to apply. 


Each Defect Descriptor for the bytes from index format specifies we 
the beginning of an eight-byte defect location on the medium. Each nae 
defect descriptor is comprised of the Cylinder Number of Defects, 

the Head Number of Defect, and the Defect Bytes from Index. 


The Defect Descriptors shall be in ascending order. For 
determining ascending order, the Cylinder Number of Defect is 
considered the most sigificant part if the address and the Defect 


Bytes from Index is considered the least significant part of the 
address. 


2 A value oe Defect Eyres From “Index of FFFFFYFFH is illegal for cbc 
products. 
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TABLE 8-7 DEFECT LIST - PHYSICAL SECTOR FORMAT 





SIT = a = Sr) : : 7 ae ) oy = re 





AAT TENET LAS OO POPUL OT AEE TE RESTS PT SORE ALENT TY SAE APT TR TT ~_ Defect Des S c sip. e¢ O r Cie ea | 





a rd Sh A Cylinder Number of Defect (MSB) s 
i eee eee Cylinder Number of Defect 


Cylinder Number of Defect 





m Byte 1 of header is deseribed in Table 8-5. The Defect List Format 
am fiteld must be 101 (binary) for this description to apply. 


Each Defect Descriptor for the physical sector format specifies a 
Sector size defect location comprised of the Cylinder Number of 
Defect , the Head Number of Defect, and the Defect Sector Number. 
The Defect Descriptors shall be in ascending order. Foe 
determining ascending order, the Cylinder Number of defect is 
considered the most significant part of the address and the Defect 
Sector Number is considered the least significant part of the 
address. 


m A Defect Sector Number of FFFFFYFFH is illegal for CDC products. 
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.8.1.3  REASSIGN BLOCKS Command (07H) 


Peripheral Device Type: Direct Access and Write-Once Read-Multiple 
Operation Code Type: Mandatory 





TABLE 8-9. REASSIGN BLOCKS COMMAND 


Sa Seq Gee qneeTIID Sree! genet meet epee 
‘ 





The REASSIGN BLOCKS command (Table 8-9) requests the target to 
reassign the defective logical blocks to an area on the logical unit 
reserved for this purpose. 


oa : \ n 


The initiator transfers a defect list that contains the logical block Na 
addresses to be reassigned. The target shall reassign the physical 
medium used for each logical block address in the list. The data 
econtained in the logical blocks specified in the defect list may or 

may not be preserved, but the data in all other logical blocks on the 
medium shall be preserved. t is recommended that the initiator 

recover the data from the logical block({s) to be reassigned before 

, issuing this command. After completion of this command, the 

m initiator can write the recovered data to the same Logical Block 

m Address(es). 


The effect of specifving a logical block to be reassigned that 
previously has been reassigned is to reassign the block again. Thus, 
over the life of the medium, a logical block can be assigned to 
multiple physical addresses (until no more spare locations remain on 
the medium). 


The REASSIGN BLOCKS defect list (Table 8-10) contains a four-byte 
header followed by one or more Defect Descriptors. The length of 
each Defect Descriptor is four bytes. 


The Defect List Length specifies the total length in bytes of the 
Defect Descriptors that follow. The Defect List ponaee is equal to 
four times the number of Defect Descriptors. 
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TABLE 8-10. REASSIGN BLOCKS DEFECT LIST 


erect LIST HEADER 





_Defect List Li qth (LSB) 
SAAN RLMRERE TT TTS CES 20 RET 
6 | Detect Logical Biock Address (MSB)_ 
1 | ___.._ befect Logical Biock Address 






2. | ss———sCéDp fect Logical Block "“k Address 
3 ! Defect Logical Block Address (LSB) (LSB) 


ee ed 


The Defect Descriptor specifies a four-byte Defect Logical Block 
Address that contains the defect. The Defect Descriptors shall be 
in ascending order. 


| Tf the logical unit has insufficient capacity to reassign all of 
( . the defective logical blocks, the command shall terminate with a 
ae CHECK CONDITION status and the sense key shall be set to MEDIUM 
ERROR. The logical block address of the first logical block not 
reassigned shall be returned in the information bytes of the sense 
data. 


&.1.4 READ Command (08H) 


Peripheral Device Type: Direct Access 
Operation Code Type: Mandatory 


TABLE 8-11. READ COMMAND 





mS een erete gets Gees ate ensee copes 


C The READ command (Table 8-11) requests that the target transfer 
me data to the initiator. 


The Logical Block Address specifies the logical block at which the 
tread operation shall begin. 
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The Transfer Length specifies the number of contiguous logical blocks 
of data to transferred. A Transfer Length of zero indicates that 256 
logical blocks shall be transferred. Any other value indicates the 
number of logical blocks that shall be transferred. 


The most recent data value written in the addressed logical block 
shall be returned. | 


This command shall be terminated with a RESERVATION CONFLICT status 
1f any reservation access conflict (see 8.1.8) exists and no data 
shall be read. | | 


Tf any of the following conditions occur, this command shall be 
terminated with a CHECK CONDITION status, and if extended sense is 
implemented, the Sense Key shall be set as indicated in the following 
table. This table does not provide an exhaustive enumeration of all 
conditions that may cause the CHECK CONDITION status. 


CONDITION. —“C—s—sCSCS SENSE KEY 

Invalid Logical Block Address ILLEGAL REQUEST (see note) | 
Target reset or medium change since. we 
last command from this initiator | UNIT ATTENTION 7 
Unrecoverable read error MEDIUM ERROR 

Recovered read error | RECOVERED ERROR 


Overrun or other error that might 
be resolved by repeating the command ABORTED COMMAND 


NOTE: The extended sense Information Bytes shall be set to the 
Logical Block Address of the first invalid address. 
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8.1.5 WRITE Command (OAH) 


Peripheral Device Type: Direct Access 
Operation Code Type: Mandatory 


TABLE 8-12. WRITE COMMAND 





BiT, 7 | fe 2 4 5 c ; ¢ 
POTD ED 4 
52 ip hs ee ee es 


MEALS, 





The WRITE command (Table 8-12) requests that the target write the 
data transferred by the initiator to the mediun. 


os, The Logical Block Address specifies the Logical block at which the 
( write operation shall begin. 


The Transfer Length specifies the number of contiguous logical blocks 
of data to transferred. A Transfer Length of zero indicates that 256 
logical blocks shall be transferred. Any other value indicates the 
number of logical blocks that shall be transferred. 


This command shall be terminated with a RESERVATION CONFLICT status 
1£ any reservation access conflict (see §.1.8) exists and no data 
shall be written. 


lf any of the following conditions occur, this command shall be 
terminated with a CHECK CONDITION status, and if extended sense is 
implemented, the Sense Key shall be set as indicated in the following 
table. This table does not provide an exhaustive enumeration of all 
conditions that may cause the CHECK CONDITION status. 


SO) ELE i L2):  eeeeeeeee SENSE Ket 
Invalid Logical Block Address © ILLEGAL REQUEST (see note) 





Target reset or medium change since 
last command from this initiator UNIT ATTENTION 


Overrun or other error that might 
be resolved by repeating the command ABORTED COMMAND 


( NOTE: The extended sense Information Bytes shall be set to the 
eae 


Logical Block Address of the first invalid address. In this 
case, no data shall be written on the logical unit. 
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8.1.6 SEEK Command (OBH) 


Peripheral Device Type: Direct Access, Write-Once Read-Multiple, 
and Read-Only Direct ‘Access 
m Operation Code Type: Mandatory 





TABLE 8-13. SEEK COMMAND 








ee 


The SEEK command (Table 8-13) requests that the se unit seek to 
the specified Logical Block Address. 


AgQ14 REV. 2/839 COC 








4 





G 


a 
Ne 


M 
a 





AGNETIC PERIPHERALS INC. on 9 
Cano} Cata Gonnpaariy 


ENGINEERING a 
SPECIFICATION Bev 


DATE 
PAGE 121 








TWIN CITIES DISA DIVISION 


8.1.7 MODE SELECT Command (15H) 


SH a8 6 


A 


Peripheral Device Type: Direct Access 
Operation Code Type: Mandatory 


Tach Geld. MODE SZLECT CCMMAND 















te DOC LCd sl. Unie. 


Tne MODE SELECT command (Table 8-14) provides a means for the 
imitiator to specify medium, logical unit, or peripheral devics 
parameters to the target. ; 


the Save Mode Parameters (SMP) bit, when set to one, requests that 
the target save the saveable pages. Pages 3 and 4 may only be stored 
during FORMAT commands, so they cannot be saved via a MODE SELEcCt 
command. The target must update the Current mode values with 
parameters included with this command, save the Current values of the 
Saveable parameters, and report GOoDdD status only aiter the save 
Operation is completed. The Saved parameters shall not be changed i: 
an error is detected during the MODE SELECT command. When the SM 
bit is set to gero, the Saved parameter values will not be changec. 


Support for Saved parameters is optional for CDC products. tT the 
SMP bit is set and Saved parametars axe not supoorted, the target 
Shall return CHECK CONDITION status with ILLEGAL REQUEST Sense Ker. 


The Parameter List Length specifies the length in bytes of the MODE 
SELECT parameter list that shall be transferred during the DATA OUT 
phase. A Parameter List Length of Zero indicates that no data shall 
be transferred. This condition shall mot be considered as an error. 


The MODE SELECT parameter List (Table 93-15) contains a four-byte 
header, followed by zero or one block descriptor, followed by the 
pages of MODE SELECT parameters. 
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TABLE 8-15. MODE SELECT PARAMETER LIST 


eee et Mee eee ERE ERT 


i 





3s O-n | ~s Mode Select Page Headers 
2 TLeeeeeeeeeeFSSe NE thei Dar amMeters 


eet eee 
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All CDC hard magnetic disk and optical disk products shall only 
support OOH in the Medium Tyve field. 


The Block Descriptor Length specifles the length in bytes of tne Block 
Descriptor. It is equal to the number ot bytes in the Block Descriptcr 
(either 0 of 8) and does not include the page headers and mode 
parameters, if any. A Block Descriptor Length of zero indicates that 
mo block descriptor shall be included in the parameter list. This 
condition shall not be considered as an error. CDC products will 
support one Block Descriptce per LUN. 


Each Block Descriptor specifies the medium characteristics — oe Or 
part of a logical unit. Each Block Descriptor contains a Den 
Code, a Number of Blocks, and a Block Length. 


a All CDC hard magnetic disk and optical disk products shall only 
m support OOH in the Density Code field. 


The Number of Blocks field specifies the number of logical blocks on 
the medium that meet the Density Code and Block Length in the block 
descriptor. A Number of Blocks of zero indicates that all of the 
remaining logical blocks of the legical unit shall have the medium 
Characteristics specified by the Block Descriptor. I£ there is only , - 
one Block Descriptor, a Number of Blocks of zero means all logical fy ~ 
blocks of the logical unit shall have the medium characteristics a 
specified by the Block Descriptor. 
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The Block Length specifies the length in bytes of each logical block 
described by the Block Descriptor. 


The rest of the MODE SELECT parameters are organized into pages that 
group the parameters by function. The parameter definitions are the 
same as those described in the MODE SENSE command (paragraph 8.1.10) 
and will not be repeated here. 

am TABLE 8-16 MODE SELECT PAGE DESCRIPTOR HEADER 


“Birt; 7 | 6 sy S& 4. 2° £3 fo Fa; OO 
BYTE |  __ | | | 





Each page of mode parameters begins with a two byte Page Descriptor 
Header. -The Page Code identifies which page of mode parameters is 
being transferred. The Page.Length indicates the number of additional 
bytes of mode parameters contained in this page. The number of 
additional bytes sent must always match the Page Length value. 


Tf the initiator sends mode parameter bytes that are not supported by 
the target, the target will set CHECK CONDITION status with ILLEGAL 
REQUEST Sense Key. The initiator may only send mode parameters for 
pages if the target supports Changeable parameters within that page. 
The Page Length sent by the initiator must be the same as the Page 
Length value received from the target during a MODE SENSE command with 
PCF set to O1 (binary). CDC products may optionally support the 
following Page Codes: 





Page Code ee 21-2 Ke) apo is > kc | ¢ ae ee ee eae ee ee ee ee ees 
QOH Product Unique. See individual product specifications. 
O1LH Error Recovery parametecs. 
02H Disconnect/Reconnect Control parameters. 
03H Format parameters. 


04H Rigid Disk Drive Geometry Parameters. 


The initiator shall issue a MODE SENSE command requesting the target 
to return all pages with Changeable values (see PCF field description 
for MODE SENSE command) prior to issuing any MODE SELECT commands. 
This allows the initiator to correctly determine which pages are 
supported, the proper length for those pages, and which parameters in 
those pages may be changed for that Logical Unit Number. 
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§€.1.8 RESERVE Command (16H) 


Peripheral Device Type: Direct Access, Write-Once Read-Multiple, 


: and Read-Only Direct Access 
gi Operation Code Type: Mandatory 


TABLE 8-17. RESERVE COMMANI 








The RESERVE command (Table 8-17) is used to reserve logical units of, 

if the extent reservation option is implemented, extents within logical 
units for the use of the initiator. If the third party reservation 

option is implemented, the logical units or extents may be resexved for. 
another specified SCSI device. The RESERVE and RELEASE commands (- 
provide the basic mechanism for contention resolution in. ( y 
multiple-initiator systems. So 


8.1.8.1 Logical Unit Reservation 


If the Extent bit is zero, this command shall request that the entire 
logical unit be reserved for exclusive use of the initiator until the 
reservation is superceded by another valid RESERVE command from the 
initiator that made the reservation, released by a RELEASE command from 
the same initiator, by a BUS DEVICE RESET message from any initiator, 
or by a "hard" RESET condition. A logical unlit reservation shall not 
be granted if any extent or logical unit is reserved by another 
initiator or 1£ any extent with a read shared reservation type is 
reserved by this initiator. It shall be permissible for an initiator 
to reserve a logical unit that is currently reserved by that 
initiator. If the Extent bit is zero, the Reservation Identification 
and the Extent List Length shall be ignored. 


If the logical unit, or any extent within the logical unit is reserved 
for another initiator, the target shall respond by either: 


Le Returning a RESERVATION CONFLICT status. 


2. Queuing the reservation request and then Ageccnnsecine until all 
previously queued reservations have been released and the logical 
unit is available, then reconnecting to perform the reservation. 


If, after honoring the reservation, any other initiator then 
subsequently attempts to perform any command on the reserved logical 
unit other than a RESERVE command, which may be queued, or a RELEASE 
command, which shall be ignored, then the command shall be rejected 
with RESERVATION CONFLICT status. | 
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8.1.8.2 Extent Reservation 

m CDC products will not support Extent reservations. This bit must. 
m always be zero. Since the Reservation Identification byte and the 
m Extent List Length are only valid for extent reservations, cnKc 

m products will ignore these fields. 

8.1.8.3 Third Party Reservation 


w# All CDC products will support the third party reservation option. 


The third-party reservation option for the RESERVE command allows an 
initiator to reserve a logical unit or extents within a logical unit 


for another SCSI device. This option is intended for use in 


multiple-~initiator systems that use the COPY command. Any target that 
implements the third-party reservation option shall also implement the 


third-party release option (see 8.1.9.3). 


If the third-party (3rdPty) bit is zero, then the third-party 


reservation option is not requested. If the 3rdPty bit is one and the 


specified in the third-party device ID field. The target shall 
preserve the reservation until it is superceded by another valid 


thircd-party reservation option is implemented, then the RESERVE command 
shall reserve the specified logical unit or extents for the SCSI device 


| RESERVE command from the initiator that made the reservation or until 


it is released by the same initiator, by a BUS DEVICE RESET message 
from any initiator, or a "hard" RESET condition. The target shali 
ignore any attempt to release the reservation made by any other 
initiator. 
@ 
8.1.8.4 Superceding Reservations 


An initiator that holds a current reservation may modify that 


| reservation by issuing another RESERVE command to the same logical unit 


| and, if the extent bit is one, using the same reservation 

| identification. The superceding RESERVE command shall release the 
previous reservation state when the new reservation request is 
granted. The previous reservation shall not be modified if the new 


reservation request cannot be granted. [Lf the superceding reservation 


cannot be granted because of conflicts with a previous active 
reservation (other than the reservation being superceded) then the 
target shall either: 


(1) return RESERVATION CONFLICT status 


(2) queue the reservation request and disconnect until it is allowed to 
be active. The reservation request shall be made active when it is 
free from conflict with all resrvations. A superceding reservation 


¢ - takes place over any previously queued reservation request. 


IMPLEMENTORS NOTE: Superceding reservations are principally intended 


to allow the SCSI device ID to be changed on a reservation using 
third-party reservation option. This capability is mecessary for 
certain situations when using the COPY command. 
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8.1.9 RELEASE Command (178) 


Peripheral Device Type: Direct Access, Write-Once Read-Multiple, 
and Read-Only Direct Access 
i Operation Code Type: Mandatory 


. TABLES 8-18. RELEASE COMMAND 





The RELEASE command (Table 8-18) is used to release previously 

reserved logical units, or, 1f£ the extent release option is 

implemented, previously reserved extents within Logical units. - 1S 7 
not an error for an initiator to attempt to release a reservatio t 


| that is not currently active. In this case, the target returns ae 
| status without altering any other reservation. 


_ 8.1.9.1 Logical Unit Release 


If the extent bit is zero, the RELEASE command shall cause the target 
to terminate all logical unit and extent reservations that are active 
from the initiator to the specified logical unit. 


8.1.9.2 Extent Release 


am CDC products will not supdort extent reservations. This bit must 
always be zero. Since the Reservation Identification byte is only 
m valid for extent reservations, CDC products will ignore this byte. 


8.1.9.3 Third Party Release 


= All CDC products will support the third party release option. 
The third-party release option for the RELEASE command allows an 
initiator to release a logical unit or extents within a logical unit 
that were previously reserved using the third-party reservation 
Option (see 8.1.8.3). This option shall be implementated if the 
third-party reservation option is implemented. This option is 


intended for use in multiple-initiator systems that use the COPY 
command. 7 
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If the third-party (3rdPty) bit 1s zero, then the third-party release 
option is not'requested. If the 3rdPty bit is one and the target 
implements the third-party release option, then the target shall 
release the specified logical unit or extents, but only 1£ the 
reservation was made using the third-party reservation option by the 

| initiator that is requesting the release and for the same SCSI device 
as specified in the third-party ID field. 


8.1.10 MODE SENSE Command (1AH) 


Peripheral Device Type: Direct Access 
1s Operation Code Type: Mandatory 


| | TABLE 8-19. MODE SENSE COMMAND 





The MODE SENSE command (Table 8-19) provides a means for a target to 
report its medium, logical unit, or peripheral device parameters to 
the initiator. It is a complementary command to the MODE SELECT 
command for support of medium that may contain multiple block lengths 
or densities. 
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The Page Control Field (PCF) defines the type of mode parameter | 
values to be returned. The target shall return the same Page Length 


for each supported page regardless of the value in the PCF. The 
field is defined as follows: 


Bit 7 Bit 6 | 

0 0 Return Current values. The Current values are the 
values currently being used by the target to control its 
operation. After a Power On Reset, a hard RESET, or a 
BUS DEVICE RESET message the Current values will be 
equal to the Saved values (if Saved values are supported 
and can be retrieved) or the Default values (if Saved 
values aren't supported or cannot be retrieved). The 
Current value of a parameter is updated whenever a MODE 
Select command that changes that parameter ends with 
GOOD status being returned. 


@Se@8O8@888 8 88 G 


0 1 Return Changeable values. The changeable values of any 
page is a mask that indicates which parameters may be 
changed via a MODE SELECT command and which parameters 
may not. Each returned parameter byte shall contain 
ones where a field or bit may be changed and zeros where -- 
a field or bit may not be changed. 


ohare 
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I: 0 Return Default values. The Default values are the 
values a target will set the Current values to after a 
reset condition unless valid Saved values are available. 


od 
h~3 


Return Saved values. The Saved values are the values a 
target stores in non-volatile memory. The Saved values 
of any changeable parameter can be set via a MODE SELECT 
command. For nonchangeable parameters, the Default 
value will be used. Support for Saved parameter values 
1S optional for cpc ‘Products. 


6B@@68 8 &B 


The Block Descriptor will contain its normal values regardless of the 


value of the PCr. Unsupported firlds or bits within a page will be 
returned as zeros for all PCY values. 


a & 
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= The Page Code allows the initiator to select one or all of the pages 
| m@ of Mode parameters supported by the target. Page Codes which may be 
* Supported by CDC products are listed here: 


m Page Code eR 2-512 ofp 2 kp Ko | 0 ee a ee ee ee eee ee 
"a 00H Product Unique. See individual product specifications. 
ral OLE EErTOL Recovery parameters. 
2 02H Disconnect/Reconnect Control parameters. 
rs 03H Format parameters. 

| om 04H Rigid Disk Drive Geometry parameters. 

| 3FH Return all supported pages. 


The Allocation Length specifies the number of bytes that the initiator 
has allocated for returned MODE SENSE data. An Allocation Length of 
zero indicates that no MODE SENSE data shall be transferred. This 
condition shall not be considered as an error. Any other value 
indicates the maximum number of bytes that shall be transferred. The 
target shall terminate the DATA IN phase when allocation length bytes 
have been transferred or when all available MODE SENSE data has been 
transferred to the initiator, whichever is less. 


(| = The MODE SENSE data (Table 8-20) will always include a four-byte header, 
oo m followed by one eight-byte block descriptor, followed by the requested 
@® page or pages of MODE SENSE parameters. 
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TABLE 8-20. MODE SENSE DATA 
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The Sense Data Length specifies the length in bytes of the following 
MODE SENSE data that is available to be transferred during the DATA 
IN phase. The Sense Data Length does not include itself. 


m All CDC hard magnetic disk and optical disk products shall only 
@ support OOH in the Medium Type field. 


A Write Protected (WP) bit of zero indicates that the medium is write 
enabled. A WP bit of one indicates that the medium is write 
protected. | | 


The Block Descriptor Length specifies the length in bytes of the Block 
mw Descriptor. It is equal to the number of bvtes in the Block Descriptor 
(8) and does not include the page headers and mode parameters, if 
ms any. CDC products will send one Biock Descriptor per LUN. 


Each Block Descriptor specifies the medium characteristics for all or 
part of a logical unit. Each Block Descriptor contains a Density 
Code, a Number of nee een and a Block Length. 


m All CDC hard magnetic disk and optical disk products shall only 
m support OOH in the Density Code field. 


The Number of Blocks fleld specifies the number of logical blocks of 
the medium that meets the Density Code and Block Length in the Block 
Descriptor. A Number of Blocks of zero indicates that all of the 

-pemaining logical blocks of the logical unit have the medium 
characteristics specified by the Block Descriptor. © 
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The Block Length specifies the length in bytes of each logical block 
described by the Block Descriptor. 


it TABLE 8-21. MODE SENSE PAGE DESCRIPTOR HEADER 





| 
| 
| i AS De a | 
_ Page Length | 
Mode Parameters . 





Each page of mode parameters (for the MODE SENSE command) begins with 
a two byte Page Descriptor Header. The Page Code identifies which 
page of mode parameters is being transferred. The Page Length 
indicates the number of additional bytes of mode parameters being sent 
by this target. Multiple pages of mode parameters may be transferred 
in one MODE SENSE data in phase (using page code 3FH). 


The Parameters Saveable (PS) bit, when set to one, indicates that the 
page contains Saved parameters. Since the support of Saved values is 
Optional, refer to individual product specifications to see which 
parameters are saved. When the PS bit is set to zero, none of the 
parameters within the page are saved. Since the parameters within 
pages 3 and 4 will always be saved during FORMAT commands (but not 
via a MODE SELECT command with the SMP bit set to one), these pages 
will return a one for the PS bit if these pages are supported. 


Since support for mode parameters is optional, some CDC products 
will return a Page Length that is shorter than the number of bytes 
defined in this specification. 


ma TASLE 8-22 ERROR RECOVERY PAGE 
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The Automatic Write Reallocation of defective data blocks Enabled 
(AWRE) bit, when set to one, allows the target to automatically 
relocate bad blocks detected during write operations. This function 
doesn't apply to the FORMAT UNIT command. When set to zero, the 
target shall not perform automatic reallocation but shall create the 
CHECK CONDITION Status with Sense Key of MEDIUM ERROR instead. 
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The Automatic Read Reallocation of defective data blocks Enabled 
(ARRE) bit, when set to one, allows the target to automatically 
relocate bad blocks detected during read operations. When set to 
zero, the target shall not perform automatic reallocation but shall 


create the CHECK CONDITION Status with Sense Key of MEDIUM ERROR 
instead. 





The Transfer Block (T3) bit, when set to one, indicates that the. 
falling data block shall be transferred to the initiator. 
When set to zero, the failing data block shall not be transferred. 


bee 


The Read Continuous (RC) bit, when set to one, requests the target to 
transfer the requested data length without adding delays (for retries 
or ECC correction) that may be required to ensure data integrity. 

The target may send data that 1s erroneous in order to maintain the 
continuous flow of data. This bit shall override the DTE bit if it 


is set. When set to Zero, recovery actions during data transfer are 
allowed. | 


The Enable Early Correction (EEC) bit, when set to one, allows the 

target to apply ECC correction as soon as possible, before the retry 
count is exhausted. Seek error retries are not affected by this bit. 
When this bit is set, the DCR bit must be zero. When the EEC bit is 


set to zero, the target shall exhaust the retry count before applying 
ECC correction. 


f 
t 
~ 
‘ 


é 


The Post Error (PER) bit. when set to one, indicates that the target 
will report CHECK CONDITION status and appropriate Sense Key for any 
recovered errors encountered. Reporting of unrecoverable errors will 
have priority over Reporting of recoverable errors. When set to 
zero, any errors recovered within the limits established by the other 
Error Recovery Flags will not be reported. Any unrecoverable errors 
will still be reported. 


’ 
4 
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The Disable Transfer on Error (DTE) bit is only valid when the PER bit 
is also set to one. When the DTE bit is set to one, it indicates 
that the target will terminate data transfer even for recoverable 
errors. The setting of the TB bit determines whether the block in 
error Will be transferred. When DTE is set to zero, data transfer 
will continue if recoverable errors are encountered. If the PER bit 
1s one and the DTE bit is zero, recoverable errors will be ESEOrESe 
after all data has been transferred. 

| 
The Disable Correction (DCR) bit, when set to one, indicates that ECC 
correction shall not be applied to the data even if correction is 
possible. When set to zero, ECC correction shall be applied if 
correction is possible. | | 3 : | 





The Retry Count is the maximum number of times that the target should (\ 


attempt its read recovery algorithm. be 
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The Correction Span is the size of the largest read data error, in 
bits, on which ECC correction may be attempted. Data errors longer 
than this span will be reported as unrecoverable errors. 


na TABLE 83-23 DISCONNECT/RECONNECT CONTROL PARAMETERS 





Both the ratio parameters are the numerator of a fractional 
multiplier that has 256 as its denominatoc. 


The Buffer Full Ratio indicates, on READ commands, how full the 
target's buffer shall be prior to reconnecting. Targets that include 
a larger granular buffer block size shall round down to the nearest 
whole buffer block. 


The Buffer Empty Ratio indleates, on WRITE commands, now empty 

the target's buffer shall be prior to reconnecting to fetch more 
data. Targets that include a larger granular buffer block size shail 
round up to the nearest whole buffer block. 


The Bus Inactivity Limit field (bytes 4 and 5) indicates the time, 
in 100 microsecond increments, that the target is allowed to assert 
the BUSY signal without handshakes until it shall disconnect. The 
target may round down to its nearest capable value. A value of zero 
indicates that the target is allowed to maintain the bus busy 
indefinitely without handshakes. | 


The Disconnect Time Limit field (bytes 6 and 7) indicates the minimum 
time, in 100 microsecond increments, that the target shall remain 
disconnected until it shall attempt to reconnect. The target may round 
down to its nearest capable value. A value of zero indicates that the 
target is allowed to reconnect immediately. 
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ma TABLE 8-24 FORMAT PARAMETERS 
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This page of parameters may only be sent immediately prior to sending 
a FORMAT UNIT command to the target. The Current parameters for this 
page will be updated immediately but any changes between these 
Current parameters and the existing media format will not be in 
effect until after the FORMAT UNIT command is completed. 


The Tracks per Zone field indicates the number of tracks that the 
target will allocate to each defect management zone. Spare sectors 
Or tracks will be placed at the end of each defect management Zone. 
A value of zero indicates that the entire unit will be taken as one 
eoeeee management zone. 


Gennes wee aes aoe aren 


The Alternate Sectors per Zone field indicates the number of spare 
sectors that 1s to be reserved at the end of each defect management 
zone. A value of zero indicates that no sectors are to be reserved 
for defect management. This is to accommodate hosts that want to 
manage the defects themselves. 


eS eeeee ane ae ee 


The Alternate Tracks per Zone field indicates the number of spare 
tracks that is to be reserved at the end of each defect management a 
zone. A value of Zero indicates that no spare tracks are to be a 

reserved in each zone for defect management. 


Binet sts See SOT 





46918 REV. 2/83 COC 








SPEC 64721700 


ENGINEERING SPEC 
SPECIFICATION , Bey 


DATE 
PAGE 135. 


a MAGNETIC PERIPHERALS INC. 
( aCorarai Data Company 
f j 


TWIN CITIES DISK DIVISION 





The Alternate Tracks per Volume field indicates the number of spare 
tracks that is to be reserved at the end of the logical unit. The 
target may use these locations for replacing defective tracks or 
sectors depending upon the target defect management scheme. A value 
of zero indicates that no spare tracks are to be reserved at the end 
of the unit for defect management. 


The Sectors per Track field indicates the number of physical sectors 
that the target shall allocate per disk track. A value of zero 
lndicates that the number of sectors per track may be variable or the 
target is to determine the best value. 


a 8 8 


The Bytes per Physical Sector field indicates the number of daté 
bytes that the target shall allocate per physical sector. The target 
may assign multiple physical sectors to a logical block if this value 
is smaller than the logical block size. This value may not be larger 
than the logical block size. 


The Interleave field is the interleave value sent to the target 
during the last FORMAT UNIT command. This field is only valid for 
MODE SENSE commands. The Target shall ignore this field during MODE 
SELECT commands. 


me - enw oe wee 
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The Track Skew Factor field indicates the number of physical sectors 
between the last logical block on ome track and the first logical 
block on the next sequential track of the same cylinder. A value of 
zero indicates ne skew. 


B28 6 @ 


The Cylinder Skew Factor field indicates the number of physical 
sectors between the 12st logical block of one cylinder and the first 
logical block of the next Sven nee: A value of Zero indicates no 
skew. | 


Baas 
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The Soft Sectoring (SSEC) bit, when set to one, indicates that the 
target shall use soft sector formatting. 


ones 


a 


The Hard Sectoring (HSEC) bit, when set to one, indicates that the 
target shall use hard sector formatting. The SSEC and HSEC bits 
Cannot both be set to one in MODE SELECT commands. 


ones at 


The Removable Media (RMB) bit, when set to one, indicates that the 
logical unit contains removable media. This same bit is also 
returned in the INQUIRY parameters (see section 7.1.3). 
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The Surface Map (SURF) bit, when set to one, indicates that the 
target shall allocate successive logical blocks to all sectors ona 
surface PELOE to allocating logical blocks to the next surface. When 
SURF is set to zero, the target shall allocate successive logical 
blocks to all sectors within a cylinder prior to allocating logical 
blocks to the next cylinder. 
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The Inhibit Save (INS) bit, when set ‘to one, indicates that the 
target shall inhibit the saving of any parameters other than those 
‘contained in pages 3 or 4 during the next FORMAT command. The 
preexisting values of any saveable parameters will be maintained. 
When INS is set to Zero, any saveable parameters shall be updated per 
their Current values and saved during the next FORMAT command. 


res 
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TABLE 8-25 RIGID DISK DRIVE GEOMETRY PARAMETERS 
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This page of parameters may only be sent immediately prior to sending 
a FORMAT UNIT command to the target. The Current parameters for this 
page wlll be updated immediately but any changes between these 
Current parameters and the existing media format will not be in 
effect until after the FORMAT UNIT command is completed. 


The Number of Cylinders field indicates the maximum number of 
cylinders that is to be formatted by the target. The target may use 
some of the allowed cylinders for storing target parameters, defect 
lists, o£ diagnostic purposes. 


The Number of Heads field indicates the maximum number of heads that 
ls to be formatted by the target. 


The Drive Step Rate field is the minimum time, in 100 nanosecond 
increments, between step pulses. The target shall use the lowest 
step rate, greater than or equal to this number, that it is capable 
of implementing. A value of zero allows the drive to determine its 
own step rate. 


For Page Code 3FH, all pages supported by the target will be 
returned. Some page codes may be supported for one PCF value (for 
example, Default) but may not be supported for another PCY VALUE (for 
example, Changeable). However, a Default value and a Current value 
is required for all supported parameters. 
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8.1.11 START/STOP UNIT Command (13H) 
Peripheral Device Type: Direct Access, Write-Once Read-Multiple, and 
Read-Only Direct Access 
Operation Code Type: Optional 
TABLE 8-26. START/STOP UNIT COMMAND 
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The START/STOP UNIT Command (Table 8-26) requests that the target 
enable or disable the logical unit for further cperations. 


An Immediate (Immed) bit of one indicates that the status shall be ae 
returned as soon as the operation is initiated. An Immed bit of _ 
zero indicates that status shall be returned after the operation is 
completed. 


A Start bit of one requests the logical unit be made ready for use. 
A Start bit of zero requests that the logical unit be stopped. 
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8.1.12 PREVENT/ALLOW MEDIUM REMOVAL Command (1ER) 





Peripheral Device Type: Direct Access, Write Once Read Multiple, and 
Read-Only Direct Access 
Operation Code Type: Optional 


TABLE 8-27. PREVENT/ALLOW MEDIUM REMOVAL COMMAND 





The PREVENT/ALLOW MEDIUM REMOVAL command (Table 8-27) requests that 


the target enable or disable the removal of the medium in the logical 
unit. 


A Prevent bit of one shall inhibit mechanisms that normally allow 
removal of the medium. A Prevent bit of zero shall allow removal of 
the medium. 


This prevention of medium removal condition shall terminate upon 
recelpt of a PREVENT/ALLOW MEDIIM command with the Prevent bit set to 
zero, or by the receipt of a BUS DEVICE RESET message from any 
initiator or by a "hard" RESET condition. 
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8.2 Group 1 Commands for Direct- Snecwes pavicas 


The Group 1 commands for direct-access devices shall be as shown in 
Table 8-28. 


TABLE 8-28. GROUP 1 COMMANDS FOR DIRECT-ACCESS DEVICES 


OPERATION a 
wee COMM NL LON 


20H 

21H 

22 

23H 

24H 

25H 

268 

278 
-) 28H 
- 29H 
r) 2AH 
£9 23H 
2CH 
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READ CAPACITY | 8.2.1 


READ EATENTED 


o) 
N 


WRITE EXTENDED 
SEEX EXTENDED 
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WRITE AND VERIFY 
VERIFY 
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READ DEFECT DATA 8.2.9 


WRITE DATA BUFFER Ved 
READ DATA BUFFER | | ' 7.2. 
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key: (Type definitions are defined in 6.1.2). 
M 


= Command implementation is mandatory. fo 
© = Command implementation is optional. : 
R = Operation code is reversed for future standardization. a 
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8.2.1 READ CAPACITY Command (25H) 
Peripheral Device Type: Direct Access, Write-Once Read-Multiple, and 


Read-Only Direct Access 
ff Operation Code Type: Mandatory 


TABLE 8-29. READ CAPACITY CCMMAND 





| 
0 0 0 a ie ge Oe ee Se eae 
lL. | Logical Unit Number | 0 0 O OQ 0 | 
20 Gogical Block Address (MSB) = 
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The READ CAPACITY command (Table 8-29) provides a means for the 
initiator to request information regarding the capacity of the 
logical unit. 


A Partial Medium Indicator (PMI) bit of zero indicates that the 
information returned in the READ CAPACITY data shall be the Logical 
Block Address and Block Length (in bytes) of the last logical block 
of the logical unit. The Logical Block Address in the Command 
Descriptor Block shall be to set zero for this option. 


A PMI bit of one indicates that the information returned shall be the 
Logical Block Address and Block Length (in bytes) of the last logical 
block address after which a substantial delay in data transfer will 
be encountered. This Logical Block Address shall be greater than or 
equal to the Logical Block Address specified in the Command 
Descriptor Block. 


m Support for the PMI function is mandatory for CDC products. 


The eight bytes of READ CAPACITY data shown in Table 8-30 shall be 
sent during the DATA IN phase of the command. 
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TABLE 8-30. READ CAPACITY DATA 
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8.2.2 READ EXTENDED Command (28H) 


Peripheral Device Type: Direct Access 
Operation Code Type: Mandatory 


TABLE 8-31. READ EXTENDED COMMAND 








ok Logical Unit Number 
AS: (ROP ae Re alee eee i 










Transfer Length (LSB) 
eh ° [AAR Eeer Sareea” een _ 


The READ command (Table 8-31) requests that the target transfer data 
to the initiator. 


The Logical Block Address specifies the logical block at which the 
read operation shall begin. 


The Transfer Length specifies the number of contiguous logical blocks 
of data that shall be transferred. A Transfer Length of Zgerc 
Indicates that no logical blocks shall be transferred. This 
condition shall not be considered as an error. Any other value 
indicates the number of logical blocks that shall be transferrea. 


The most recent data value written in the addressed logical block 
Shall be returned. 
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This command shall be terminated with a RESERVATION CONFLICT status 
if any reservation access conflict {see 8.1.8) exists and no data 
shall be read. 


If any of the following conditions occur, this command shall return a 
CHECK CONDITION status and the sense key shall be set as indicated in 
the following table. This table does not provide an exhaustive 
enumeration of all conditions that may cause the CHECK CONDITION 





status. 

CONDITION : - SENSE KEY 

Invalid Logical Block Address ILLEGAL REQUEST (see note) 
Target reset or medium change 

Since last command from this initiator UNIT ATTENTION 

Unrecovered read error . MEDIUM ERROR 

Recoverable read error | RECOVERED ERROR 

Overrun or other error that might = 
be resolved by a hd the command ABORTED COMMAND : 
NOTE The extended sense information bytes Shall be set to the Xe 


Logical Block Address of the first invalid address. 
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8.2.3 WRITE EXTENDED Command (2AH) 


Peripheral Device Type: Direct Access 
wa Operation Code Type: Mandatory 


TABLE 8-32. WRITE EXTENDED COMMAND 
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The WRITE command (Table 8-32) requests that the target write the 
data transferred by the initiator to the medium. 


The Logical Block Address specifies the logical block at which the 
write operation shall begin. 


The Transfer Length specifies the number of contiguous logical blocks 
of data that Shall be transferred. A Transfer Length of zero 
indicates that no lodical blocks shall be transferred. This 
condition shall not be considered as an error and no data shall be 
written. Any other value indicates the number of logical blocks that 
shall be transferred. 


This command shall be terminated with a RESERVATION CONFLICT status 
if any reservation access conflict (see 8.1.8) exists and no data 
shall be written. 


lf any of the following conditions occur, this command shall be 
terminated with a CHECK CONDITION status and the sense key shall be 
set as indicated in the following table. This table does not provide 
an exhaustive enumeration of all conditions that may cause the CHECK 
CONDITION status. 
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CONDITION, SENSE KEY oo 
Invalid Logical Block Address ILLEGAL REQUEST (see note) 


Target reset or medium change since 
the last command from this initiator UNIT ATTENTION 


Overrun or other error that might. 





be resolved by repeating the command ABORTED COMMAND 


NOTE: The extended sense information bytes shall be set to the 
Logical Block Address of the first invalid address. In this case, 
no data shall be written on the Logical unit. 


-4 SEEK EXTENDED Command (23H) 


Peripheral Device Type: Direct Access, Write-Once Read-Multiple, and 
_ Read-Only Direct Access 
Operation Code Type: Mandatory 


TABLE 8-33. SEEK EXTENDED COMMAND | ( 
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The SEEK EXTENDED command (Table 8-33) requests that the logical unit 
seek to the specified Logical Block Address. 
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8.2.5 WRITE AND VERIFY Command (2EH) 
‘Peripheral Device Type: Direct Access 


Operation Code Type: Optional 


TABLE 8-34. WRITE AND VERIFY COMMAND 
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The WRITE AND VERIFY command (Table 8-34) requests that the target 
write the data transferred from the initiator to the medium and then 
verify that the data is correctly written. 


A Byte Check (BytChk) bit of zero causes the verification to be 
Simply a medium verification (CRC, ECC, ete). A BytChk bit of one 
causes a byte-—-by-byte compare of data written on the peripheral 
device and the data transferred from the initiator. {If the compare 
1s unsuccessful, the command shall be terminated with a CHECK 
CONDITION status anc the sense Key shall be set to MISCOMPARE. 


The Logical Block Address specifies the logical block at which the 
write operation shall begin. 


The Transfer Length specifies the number of contiguous logical blocks 
of data that shall be transferred. A Transfer Length of zero 
indicates that no logical blecks shall be transferred. This 
condition shall not be considered as an error and no data shall be 
written. Any other value indicates the number of logical blocks that 
Shall be transferred. 


aan “ia 
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8.2.6 VERIFY Command (2FH) 


Peripheral Device Type: Direct Access 
Operation Code Type: Optional 


TABLE 8-35. VERIFY COMMAND 





The VERIFY command (Table 8-35) requests that the target verify the 
data written on the medium. 


A Byte Check (BytChk) bit of zero causes the verification to be 
Simply a medium verification (CRC, ECC, etc). A BytChk bit of one 
causes a byte-by-byte compare of data on the medium and the data 
transferred from the initiator. If the compare is unsuccessful, the 
command shall be terminated with a CHECK CONDITION status and the 
sense key shall be set to MISCOMPARE. 


The Logical Block Address specifies the pegeese block at which the 
verify operation shall begin. 


The Verification Length specifies the number of contiquous legical 
blocks of data that shall be verified. A Verification Length of zero 
indicates that no logical blocks shall be verified. This condition 
shall not be considered as an error. Any other value indicates the 
number of logical blocks that shall be verified. 


8.2.7 SEARCH DATA Commands (30H, 31H, or 32H) 


| m CDC products do not implement these commands at this time. 


8.2.8 SET LIMITS Command (338) 





| @ CDC products do not implement this command at this time. 
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m= 8.2.9 READ DEFECT DATA Command (37H) 
Peripheral Device Type: Direct Access 
Operation Code Type: Mandatory 
TABLE 8-36. READ DEFECT DATA COMMAND 


Pee ae 
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The READ DEFECT DATA command requests that the target transfers the 
medium defect data to the initiator. 


The Defect List Format field indicates the defect data format 
preferred by the initiator. The meaning is the same as the Defect . 
List Format field in the Format command (indicated in Table 8-4). 

The Defect List Format field is intended for those targets capable of 
returning various formats. If not, the target may return its default 
format and create the CHECK CONDITION status with RECOVERED ERROR 
Sense Key at the end of the READ DEFECT DATA data transfer. 


The P and G bits indicate the defect data types preferred by the 
initiator. The P and G bits are defined as follows: 


BIT P BIT G 

Return Defect List Header only. 

Return the Growth List and Certification list. (Optional) 
Return the Primary list only. 

Return all lists (Primary, Growth, and Certification). 


HrHoo 
MOorO 


The Allocation Length specifies the number of bytes that the initiator 
has allocated for the: returned defect data. An Allocation Length of 
zero indicates that no READ DEFECT DATA shall be transferred. Any 
other value indicates the maximum number of bytes to be transferred. 
The target shall terminate the DATA IN phase when the Allocation Length 
bytes have been transferred or when all available defect data has been 
transferred to the initiator, whichever is less. 
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Defect List Header 








The first 4 bytes returned are the Defect List Header. The P bit, G 

bit, and Defect List Format fields indicate the defect format that is 
actually returned by the target. The definitions are the same as for 
byte 2 of the READ DEFECT DATA Command Descriptor Block. These codes 
are not required to be the same as the ones sent by the initiator Lf 

the target doesn't support those options. 


The Defect List Length specifies the total length in bytes of all the 
defect descriptors available from the target. If the Allocation 
Length of the CDB is too small to transfer all of the defect 
descriptors, the Defect List Length is not adjusted to reflect the 


truncation. The Defect Descriptors do not have to be in ascending 
order. | | 
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9.0 GROUP OQ COMMAND DESCRIPTIONS FOR SEQUENTIAL ACCESS DEVICES 
The Group 0 commands for sequential-access devices shall be as shown 


in Table 9~1l. 


TABLE 9-1. GROUP O COMMANDS FOR SEQUENTIAL-ACCESS DEVICES 


OPERATION 
CODE TYPE _ COMMAND NAME SECTION 
a ooH M TEST UNIT READY aes 
o1H M REWIND | 9.1 
02H R 
038 M REQUEST SENSE - 7 Le 
04H R 
rs 05H M READ BLOCK LIMITS 9.2 
O6H R 
O7H R 
o8H M READ 9.3 
Oo R 
1 OAH rr WRITE 9.4 
OBH 0 TRACK SELECT 9.5 
ocH R | 
ODE R 
OEH R 
OFH 0 READ REVERSE 9.6 
10H M WRITE FILEMARKS 9.7 
11H 0 SPACE 9.8 
' 12H M INQUIRY ote 
13H 0 VERIFY 9.9 
14H . RECOVER BUFFERED DATA 9.10 
x L5H M MODE SELECT 9.11 
x 16H M RESERVE UNIT Teck 
: 178 M RELEASE UNIT . 22262 
: 18H Ms COPY | Tica 
19H 0 ERASE 9.13 
. LAH M | - MODE SENSE 9.14 
LBH O LOAD/UNLOAD 9.15 
LcH ° RECEIVE DIAGNOSTIC RESULTS 7.1.5 
5 1DH M SEND DIAGNOSTIC 7.1.6 
1EH 0 PREVENT/ALLOW MEDIUM REMOVAL 9.16 
FH R | 





Key: (Type definitions are defined in 6.1. a). 

M = Command implementation is mandatory. 

¢ | O = Command implementation is optional. 

Sse R = Operation code is reserved for future standardization. 
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9.1 REWIND Command (01H) 





Peripheral Device Type: Sequential Access 
Operation Code Type: Mandatory 


TABLE 9-2. REWIND COMMAND 





The REWIND command (Table 9-2) requests that the target rewind the 
logical unit to the beginning-of-medium or load-point. 


An Immediate (Immed) bit of one indicates that status shall be 4 
returned as soon as the operation is initiated. An Immed bit cf zero ~- 
indicates that status shall be returned after the operation is 


completed. 
READ BLOCK LIMITS Command (05H) 


Peripheral Device Type: Sequential Access 
Operation Code Type: Mandatory 


TABLE 9-3. READ BLOCK LiMITS COMMAND 


The READ BLOCK LIMITS command (Table 9-3) requests that the target's 
Capability for block length limits be returned for the logical unit. 
The READ BLOCK LIMITS data shown in Table 9- 4 shall be ‘sent during 
the DATA IN phase of the command. | 
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TABLE 9-4. READ BLOCK LIMITS DATA 









_DESCRIPTION 
Reserved 


_ Maximus Block hence! ch ae PSG) ee ee Foe ea Fats hes anor at ues weil 
— um Block Leng oh eet | 
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. 
| 


If the Maximum Block Length equals the Minimum Block Length, 
fixed-length blocks of the length indicated are supported. 

Otherwise, variable-length blocks are supported. For variable-length 
blocks, if the Maximum Block Length equals zero, no upper Limit is 
specified. 


9.3 READ Command (08H) 





1Agia AEY 


Peripheral Device Type: Sequential Access 
Operation Code Type: Mandatory 


TABLE 9-5. READ COMMAND 


transfer Lenctn ae 








The READ command (Table 9-5) transfers one or more block(s) to the 
initiator beginning with the next block on the logical unit. The 
Fixed bit specifies both the meaning of the Transfer Length field 
and whether fixed- length Or variable-length block(s) are to be 
transferred. 
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Tf the Fixed bit is zero, a single block shall be transferred with 
the Transfer Length specifying the maximum number of bytes the 
initiator has allocated for the returned data. If the actual block 
length is different from the specified transfer length, a CHECK 
CONDITION status shall be sent to the initiator and the incorrect 
length indicator (ILI) bit’ and Valid bit in extended sense shall be. 
set to one. The Information Bytes in extended sense shall be set to 
the difference (residue) between the requested Transfer Length and 
the actual Block Length. Targets that do not support negative 
residues shall set the ILI bit to one and the residue to zero when 
the actual Block Length is larger than the Transfer Length. In any 
case, no more than Transfer Length bytes shall be transferred to the 
initiator and the medium shall be positioned after the oor 
(end-of-medium side). 


If the Fixed bit is one, the Transfer Length specifies the number of 
blocks to be transferred to the initiator. This form of the READ 
command is valid only if the logical unit is currently operating in 
fixed block mode. A logical unit is in fixed block mode when either 
of the following conditions are true: 


1. .The logical unit reports the same value for Minimum Block Length 
and Maximum Block Length in response to the READ BLOCK LIMITS 7 
command. In this case, the current Block Length is the vaiue \ 

returned. - 

2. The logical unit has been instructed to use fixed-length blocks 
with the MODE SELECT command. In this case, the current Block 
Length is the Block Length defined in the MODE SELECT command. 


Otherwise, the logical unit is in variable block mode. The target 
may implement fixed block mode, variable block mode, or both modes. 
Tf the Fixed bit does not match the current mode, or the mode 
indicated by the Fixed bit is not implemented, the target shall 
reject the command by returning a CHECK CONDITION status and by 
setting the sense Key to ILLEGAL REQUEST. 


A successful READ command with the Fixed bit equal to one shall 
transfer the current Block Length times the Transfer Length bytes of 
data to the initiator. Upon termination of the READ command, the 
medium shall be positioned after the last block transferred 
.end-of-medium side). 


If the Fixed bit is one and if a block is read that is larger or 
Smaller than the current Block Length, a CHECK CONDITION status shall 
be returned to the initiator. The ILI bit and the Valid bit in 
extended sense shall be set-.to one. The Information Bytes shall be 
set to the difference (residue) between the requested Transfer Length 


and the actual number of blocks read (not including the incorrect Pon 
Length block). Upon termination, the medium shall be positioned A 
after the incorrect length block (end-of-medium side). dg 
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If a logical unit reads a filemark during a READ command, it shall 
send a CHECK CONDITION status to the initiator and shall set the 
Filemark bit in extended sense. Upon termination, the medium shall 
be positioned after the filemark (end-of-medium side). If the Fixed 
bit is one, the target shall set the Valid bit to one and the 
Information Bytes shall be set to the difference (residue) between 
the requested Transfer Length and the actual number of blocks read 
(not including the filemark). 


If a logical unit encounters the physical end-of-medium during a READ 
command, the target shall return a CHECK CONDITION status to the 
initiator and shall set the End-Of-Medium (EOM) bit to one in 
extended sense. The Sense Key shall be set to MEDIUM ERROR. If the 
Fixed bit is one, the target shall set the Valid bit to one and the 
Information Bytes to the difference (residue) between the requested 
Transfer Length and the actual number of blocks successfully read. 
The medium position following this condition is not defined. 


When the Transfer Length is zero, no data shall be transferred and 
the current position on the logical unit shall not be changed. This 
condition shall not be considered as an error. 
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9.4 WRITE Command (0AH) 


Peripheral Device Tvpe: Sequential Access 
Operation Code Type: Mandatory 


TABLE 9-6. WRITE COMMAND 





The WRITE command (Table 9-6) transfers one or more block(s) from the 
initiator to the current position on the logical unit. The Fixed bit 
specifies both the meaning of the Transfer Length field and whether 
fixed-length or variable-length block(s) are to be transferred. 


If the Fixed bit is zero, a single block shall be transferred from 
the initiator and shall be written to the logical unit beginning at 
the current medium position. The Transfer Length specifies the 
length of the block to be written (in bytes). The requested block 
length shall be within the minimum and maximum block length range 
(returned by the READ BLOCK LIMITS command, Section 9.2). If this 
condition is not met, a CHECK CONDITION status. shall be returned and 
the Sense Key shall be set to ILLEGAL REQUEST and no data shall be 
written. Upon successful termination, the medium shall be positioned 
after the block written by this command (end-of-medium side). 


If the Fixed bit is one, the Transfer Length field specifies the 
number of block(s) to be transferred to the logical unit beginning at 
the current medium position. This form of the WRITE command is valid 
only 1£ the logical unit is currently operating in fixed block mode 
(see 9.3). Upon termination, the medium shall be positioned after 
the block(s) written by this command (end-of-medium side). 


The target may implement fixed block mode, variable block mode, or 
both modes. If the Fixed bit does not match the current mode, or the 
mode indicated by the Fixed bit is not implemented, the target shall 
reject the command by returning a CHECK CONDITION status and by 
setting the Sense Key to ILLEGAL REQUEST. 


‘i? ‘ 
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Tf the early warning end-of-medium condition is encountered while 
writing, an attempt to finish writing any buffered data may be made. 
The command shall terminate with a CHECK CONDITION status and the EOM 
bit in extended sense shall be set to one. If any data remains in 
the target's buffer, then the sense Key shall be set to VOLUME 
OVERFLOW. If the Fixed bit is one and the logical unit is not 
buffered (buffered mode of the MODE SENSE command is zero), then the 
Valid bit in extended sense shall be set to one and the Information 
Bytes shall be set to the difference (residue) between the requested 
Transfer Length and the actual number of blocks written to the 
medium. If the Fixed bit is one and the logical unit is buffered 
(buffered mode of the MODE SENSE command 1s one). then the Valid bit 
shall be set to one and the Information Bytes shall be set to the 
total number of blocks not written (the number of blocks not 
transferred from the initiator plus the number of blocks remaining in 
the target's buffer). Note that in this case it is possible for the 
value in the Information Bytes to exceed the Transfer Length. 


When the Transfer Length 1s zero, no data shall be transferred and 
the current position on the logical unit shall not be changed. This 
condition shall not be considered as an erroc. : 
TRACK SELECT Command (0OBH) 


Peripheral Device Tyve: Sequential Access 
Operation Code Type: Optional 


TABLE 9-7. TRACK SELECT COMMAN 


























| 
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The TRACK SELECT command (Table 9-7) requests that the track 


specified in the Track Value field be selected. 
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9.6 READ REVERSE Command (OFH) 


Peripheral Device Type: Sequential Access 
Operation Code Type: Optional 


TABLE 9-8. READ REVERSE COMMAND 





The READ REVERSE command (Table 93-8) functions identically to the 

READ command except that medium motion is in the reverse direction. 
Thus, the block(s) and bytes within the block(s) are transferred in 
the reverse order and the medium position upon termination is before - 
the last block read (beginning-of-medium side). This command shall «| 
terminate with a CHECK CONDITION status and the EOM bit in extended 
sense shall be set to one if beginning-of-medium or load-point is 
encountered. The Sense Key shall be set to NO SENSE. I£ the Fixed 
bit is one, then the Valid bit shall be set to one and the 

Information Bytes shall contain the difference (residue) of the 
requested Transfer Length and the actual number of blocks transferred 
before beginning-of-medium of load-point was encountered. 


Filemark handling Ls the same as in the READ command except that the 
medium position upon command termination shall be before the filemark 
(beginning-of-medium Side). 


£ the Transfer Length is zero, no data shall be transferred and the 
current position on the logical unit shall not be changed. This 
condition shall not be considered as an error. 


The target may implement fixed block mode, variable block mode, or 
both modes. If the Fixed bit does not match the current mode, or the 
mode indicated by the Fixed bit is not implemented, the target shall 
reject the command by returning a CHECK CONDITION status and by 
setting the Sense Key to ILLEGAL REQUEST. 
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9.7 WRITE FILEMARKS Command (10H) 


Peripheral Device Type: Sequential Access 
Operation Code Type: Mandatory 


TABLE 9-9. WRITE FILEMARKS COMMAND 





The WRITE FILEMARKS command (Table 9-9) causes the specified Number 
of Filemarks to be written beginning at the current medium position 
{ -, on the logical unit. A zero in this field indicates that no 
‘ | filemarks are to be written. 


This command is also used to force any buffered data (see buffered 
mode in the MODE SENSE command, Section 9.14) to be written. If the 
logical unit is not buffered (Buffered Mode of the MODE SENSE command 
is zero) or the Immediate (Immed) bit is zero, then this command 
shall not return a GOOD status unless all buffered data blocks and 
the filemarks (if any) are correctly written on the medium. If the 
logical unit is buffered (Buffered Mode of the MODE SENSE command is 
one) and the Immed bit is one, then status shall be returned 
immediately after the operation is initiated. Errors and exception 
conditions on the logical unit that are detected after status is 
returned shall be reported on a subsequent command from the same 
initiator. 


If the early warning end-of-medium condition is encountered while 
writing, am attempt to finish writing any buffered data may be made. 
| m The command (or subsequent command) shall terminate with a CHECK 

CONDITION status and the EOM bit in extended sense shall be set to 

| @ ome. If any blocks or filemarks remain to be written, then the Sense 
Key shall be set to VOLUME OVERFLOW. If the Logical unit is not 
buffered (buffered mode of the MODE SENSE command is zero), then the 
Valid bit in extended sense shall be set to one and the Information 
Bytes shall be set to the number of unwritten filemarks. If the 
logical unit is buffered (buffered mode of the MODE SENSE command is 
one), then the Valid bit shall be set to one and the Information 
Bytes shall be set to the total number of blocks not written (the 
number of unwritten filemarks plus the number of blocks remaining in 
the target's buffer). Note that in this case it is possible for the 
value in the Information Bytes to exceed the Transfer Length. 
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9.8 SPACE Command (1138) 


Peripheral Device Type: Sequential Access 
Operation Code Type: Optional 


TABLE 9-10. SPACE COMMAND 





H : ‘ BR 
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The SPACE command (Table 9-10) provides a variety of positioning 
functions that are determined by the Code and Count. Both forward 
(toward end-of-medium) and reverse (toward beginning-of-medium) 
positioning are provided, although some SCSI devices may only SuEvOrt, 

a subset of this command. Such SCSI devices shall return a CHECK | ; 
CONDITION status and set the Sense Key to ILLEGAL REQUEST in response. 
to any attempt to invoke a function that is not supported. 


The Code field is defined as follows: 
DB(1L) DB(O) DESCRIPTICN 


Blocks 

Filemarkxs 

Sequential Filemarks 
Physical End-of-Data 


Kreme OO 
Xr Oro 


When spacing over blocks or filemarks, the Count fleld specifies the 
number of blocks or filemarks to be spaced over. A vositive value N 
in the count field shall cause forward medium movement over N blocks 
or filemarks ending on the end-of-medium side of the last block or 
filemark. A zero value in the Count field shall cause no medium 
movement. A negative value -N (2's complement notation) in the count 
field shall cause reverse medium movement over N blocks or filemarks 
ending on the beginning-of-medium side of the last block or filemark. 


a 
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Tf a filemark is encountered while spacing over blocks, medium 
movement shall be stopped. The medium shall be positioned on the 
end-of-medium side of the filemark if movement was in the forward 
direction and on the beginning-of-medium side of the filemark if 
movement was in the reverse direction. A CHECK CONDITION status 
shall be sent to the initiator and the Filemark and Valid bits in 
extended sense shall be set to one. The Information Bytes shall be 
set to the difference (residue) in the requested Count and the actual 
number of blocks spaced over (not including the filemark). 


If the physical end-of-medium is encountered while spacing forward 
over blocks or filemarks, the target shall return a CHECK CONDITION 
Status to the initiator and shall set the End-Of-Medium (EOM) bit in 
extended sense to one. The Sense Key shall be set to MEDIUM ERROR. 
The target shall set the Valid bit to one and the Information Bytes 
to the difference (residue) between the requested Count and the 
actual number of blocks or filemarks spaced over. 


Tf beginning—-of-medium or load-point is encountered while spacing 
over blocks or filemarks in the reverse direction, the target shall 
: return a CHECK CONDITION status to the initiator and shall set the 
7 | * End-Of-Medium (EOM) bit in extended sense to one. The Sense Key 
| , shall be set to NO SENSE. The target shall set the Valid bit to one 
and the Information Bytes to the difference (residue) between the 
requested Count and the actual number of blocks or filemarks spaced 
over. 


When spacing over sequential filemarks, the Count field is 
interpreted as follows: : 


L. A positive value N shall cause forward medium movement to the 
first occurrence of N of more consecutive filemarks stopping 
after the Nth filemark. 


2. A zero value shall cause no medium movement. 


3. A negative value -N (2's complement notation) shall cause reverse 
medium movement to the first occurrence of N or more consecutive 
filemarks stopping on the beginning-of-medium side of the Nth 
filemark. 


When spacing to physical end-of-data, the Count field is ignored. 
Forward medium movement shall occur until the logical unit encounters 
physical end-of-data as defined by the sequential-access device. 

Some sequential-access devices define physical end-of-data as an 
erased area on the medium; however, other definitions are not 
precluded. Targets that implement this function shall leave the 
medium positioned such that a subsequent WRITE command would append 
data to the last recorded information on the medium. 
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9.9 VERIFY Command (13H) 


Peripheral Device Type: Sequential Access 
Opeiation Code Type: Optional 


TABLE 9~1ll. VERIFY COMMAND 





The VERIFY command (Table 9-11) verifles one or more block(s) 
beginning with the next block on the logical unit. The Fixed bit 
specifies both the meaning of the Verification Length field and 
whether fixed-length or variable-length block(s) are to be verified. ~- 


If the logical unit is not buffered (Buffered Mode of the MODE SENSE 
command is zero) or the Immediate (Immed) bit is zero, then this 
command shall not return a GOOD status unless all specified bytes or 
blocks have been successfully verified. [ff the logical unit is 
buffered (Buffered Mode of the MODE SENSE command is one) and the 
Immed bit is one, then the status shall be returned immediately after 
the operation is initiated (but after the data transfer, if any). 
Errors and exception conditions on the logical unit that are detected 
after the status 18S returned shall be reported on the next VERIFY 
command from the same initiator. In order to insure that no errors 
are lost, the initiator should set the Immed bit to zero on the last 
VERIFY command when issuing a series of VERIFY commands. 


A Byte Compare (BytCmp) bit of zero indicates that the verification 
shall be simply a medium verification (CRC, ECC, etc). No data shall 
be transferred between the initiator and target. A Byte Compare bit 
of one indicates that a byte-by-byte compare of the data on the 
medium, and the data transferred from the initiator shall be 
performed by the target. Data shall be transferred from the 
initiator to the target as in a WRITE command. 
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A Fixed bit of zero requests that the next block of the logical unit 
be verified. The Verification Length specifies the number of bytes 
to verify. A Fixed bit of one requests Verification Length blocks be 
verified beginning with the next logical block on the logical unit. 
This form of the VERIFY command is only valid if the logical unit is 
currently in fixed block mode as defined in the READ command. If the 
data does not compare (byte compare bit equals one), the command 

{ @ (or the next VERIFY command, if the Immediate bit is one and the 

| m logical unit is in Buffered Mode) shall terminate with a CHECK 

| CONDITION status and the Sense Key shall be set to MISCOMPARE. I[£ 
the Fixed bit is one, the Valid bit shall be set to one and the 
Information Bytes shall be set to the difference (residue) between 
the Verification Length and the actual number of blocks successfully 

| mw verified. This number may be larger than the requested Verification 

Length if the error occurred on a previous VERIFY command with an 

| mw Immediate bit of one. The medium shall be positioned after the block 
containing the miscompare (end-of-medium side). 


ete 


The target may implement fixed block mode, variable block mode, or 
both modes. If the Fixed bit does not match the current mode, or the 
mode indicated by the Fixed bit is not implemented, the target shall 
reject the command by returning a CHECK CONDITION status and by 
setting the Sense Key to ILLEGAL REQUEST. 


The VERIFY command shall terminate when the Verification Length has 
been satisfied, when a filemark is encountered, or when physical 
end-of-medium is encountered. The status and sense data for each of 
these conditions are handled the same as in the READ command, except 
that the status and sense may be reported on the next VERIFY command 
if the Immediate bit is one and the logical unit is in Buffered . 
Mode. In this case, the residue reported in the extended sense may 
exceed the requested verification length. Upon completion of the 
VERIFY command, the medium shall be positioned after the last block 
from which data was verified or after the filemark, if encountered. 


Be 66 G 


When the Verification Length is zero, no data shali be verified and 
the current position on the logical unit shall not be changed. This 
condition shall not be considered as an error. 
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9.10 RECOVER BUFFERED DATA Command (14H) 


Peripheral Device Type: Sequential Access 
Operation Code Type: Optional 


TABLE 9-12. RECOVER BUFFERED DATA COMMAND 





The RECOVER BUFFERED DATA command (Table 9-12) is used to read data 
that has been transferred to an SCSI device buffer but has not been 
written on the medium. It is normally only used to recover from 


error of exception conditions that make it impossible to write the 
buffered data on the medium. 


This command functions similarly to the READ command except that 
the data is transferred from the SCSI device buffer instead of the 
medium. The order in which block(s) are transferred is the same as 
if they would have been transferred to the medium. One or more 
RECOVER BUFFERED DATA commands may be used to read the unwritten 
buffered data. 


The target may iaelenene £560 block mode, variable block mode, or 
both modes. If the FPixed bit does not match the current mode, or 
the mode indicated py the Fixed bit is not implemented, the target 
Shall reject the command by returning a CHECK CONDITION status and 
by setting the Sense Key to ILLEGAL REQUEST. 


If an attempt is made to recover more logical blocks of data than 
are contained in the SCSI device buffer, the command shall be 
terminated with a CHECK CONDITION status. The EOM bit in extended 
sense shall be set to one. If the Fixed bit is one, the Valid bit 
shall be set to one and the Information Bytes shall be set to the 
difference (residue) between the requested Transfer Bengee and the 
actual number of blocks transferred. 


The Transfer Length specifies the number of contiguous logical 

blocks of data to be transferred. A Transfer Lenaqth of zero 

indicates that no data shall be transferred. This condition shall oe 
not be considered as an error. ( 
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9.11 MODE SELECT Command (15H) 


Peripheral Device Type: Sequential Access 
a Operation Code Type: Mandatory 
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TABLE 9-13. MODE.SELECT COMMAND 
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The MODE SELECT command (Table 9-13) provides a means for the 
initiator to specify medium, logical unit, cor peripheral device 
parameters to the target. | 


the Current values of the saveable parameters, 


BSEBEE 


Pad | z 


will not be changed. 


The Save Mode Parameters (SMP) bit, when get to one, requests that 
the target save the saveable pages. The target must update the 
Current mode values with parameters included with this command, save 


and report GOOD status 


only after the save operation is completed. The Saved parameters 
shall not be changed if an error is detected during the MODE SELECT 
command. When the SMP bit is set to zero, the Saved parameter values 


| @ Support for Saved parameters is optional for CDC products. If the 
| m SMP bit is set and Saved parameters are not supported, the target 
| » shall return CHECK CONDITION status with ILLEGAL REQUEST Sense Key. 


The Parameter List Length specifies the length in bytes of the MODE 
SELECT parameter list that shall be transferred during the DATA OUT 
phase. A zero Parameter List Length indicates that no data shall be 
transferred. This condition shall not be considered as an error. 


The MODE SELECT parameter list (Table 9-14) contains a four-byte 
ma header, followed by zero or one block descriptor, followed by the 


@® pages of MODE SELECT parameters. 
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TABLE 9-14. MODE SELECT PARAMETER LIST 






St a OE SCC TORT CTT ae ———————— 
| _and their parameters sss 


GOOD status on WRITE commands until the data blocks are actually 
written on the medium. A Buffered Mode of one indicates that the 
target may zeport a GOOD status on WRITE commands as soon as the data 
block has been transferred to the SCSI device buffer. One or more 
blocks may be buffered prior to writing the block(s) to the mediun. 
Buffered Modes of 2H through 7H are reserved. 


Code values for the Speed field shall be assigned as follows: 


OH Default (Use the peripheral device's default speed). 
1H Uce the peripheral device's lowest speed. 
2H--FH Use increasing peripheral device speeds. 


The Block Descriptor Length specifies the length in bytes of all the 
block descriptors. It is equal to the number of block descriptors 

wm times eight and does not include the pages of MODE SELECT parameters. 
A Block Descriptor Length of zero indicates that no block descriptors 
are included in the parameter list. This condition shall not be 
considered as an error. | 


Each Block Descriptor specifies the medium characteristics for all or 
part of a logical unit. Each Block Descriptor contains a Density 
Code, a Number of Blocks, and a Block Length. 
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Code values for the Density Code field are defined in Table 9-15. 


TABLE 9-15 SEQUENTIAL~ACCESS DENSITY CODES 





Code Value Density 


OOH Default (peripheral device's default or only density) 


Magnetic Tapes 





Width - Density 
| mm (inch) Tracks BPMM (BPI Code Type Standard Note 
O18 12.7 (.5) 9 32 (800) NRZI R X3.22-1983 3 
02H 12.7 (.5) 9 63 (1600) PE R X3.39-1973 3 
O38 12.7 (.5) 9 246 (6250) GCR R X3.54-1976 3 
04H 6.3 (.25) 4/9 315 (8000) GCR C 2.4 
05H 6.3 €.25) 4/9 315 (8000) GCR CG X3.136-198% 2 
06H 12.7 (.5) 9 126 (3200) PE R X3B5/85-98 sae 
07H 6.3 (.25) 4 252 (6400) IMFM C X3.116-198% 2 
O8H 3.81 (.15) 4 315 (8000) GCR cs K3B5/85-77 pee 
[ oo O9H 12.7 (.5) 18 | C X3B5/85-76 1,3 
| CAH 6.3 (.25) 12 394 (10000) GCR C KX3BS/85-82 2 
OBH 6.3(0.25) 4 63 (1600) PE Cc K3.56-198X 2 
| OCH 12.7 (0.5) 24 500 (12690) GCR Cc 2 
| Cc 2 
| 


ODE 12.7 (0.5) 24 999 (25380) GCR 
8CH-FFH Vendor Unique | 


All others Reserved 





Key: 
NRZI-Non-Return to Zero, change on ones R Reels to-Reel 
GCR -Group Code Recording C Cartridge 
PE -Phase Encoded CS Cassette 
IMFM-Inverted Modified Frequency Modulation MC 
NOTES: | 
a Working Draft. %&3B5 assigns a new document number to each 
revision of their documents. Please contact the Chairman of 
43B5 for the latest document number. 
2 Serlally Recorded 
3 Parallel Recorded 
4 Olid format Known as QIC-11 


The Number of Blocks field specifies the number of logical blocks on the 
medium that meet the Density Code and Block Length in the block 
descriptor. A Number of Blocks of zero indicates that all of the 
remaining logical blocks of the logical unit shall have the medium 
characteristics specified by the Block Descriptor. 


The Block Length specifies the length in bytes of each logical block 
described by the Block Descriptor. A block length of zero indicates that 
the length shall be variable. | 


F ; 
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The rest of the MODE SELECT parameters are organized into pages that 
group the parameters by function. The parameter definitions are the 
Same as those described in the MODE SENSE command (paragraph 9.14) 
and will not be repeated here. 





TABLE 9-16 MODE SELECT PAGE DESCRIPTOR HEADER 





Each page of mode parameters begins with a two byte Page Descriptor 
Header. The Page Code identifies which page of mode parameters is 
being transferred. The Page Length indicates the number of additional 
bytes of mode parameters contained in this page. The number of 
additional bytes sent must always match the Page Length value. 


Grae Glen game of Ghaes 


If the initiator sends mode parameter bytes that are not supported by 

the target, the target will set CHECK CONDITION status with ILLEGAL 
REQUEST Sense Key. The initiator may only send mode parameters for | 
pages 1f the target supports Changeable parameters within that page. c 7 
The Page Length sent by the initiator must be the same as the Page a 
Length value received from the target during a MODE SENSE command with 

PCF set to O01 (binary). CDC products may optionally support the 

following Page Codes: 


Page Code _ eer Description | | | | _ eee 
008 Product Unique. See individual product specifications. 
O18 Tape Control parametecrs. 
02H Disconnect/Reconnect Control parameters. 





ae 
ea 


The initiator shall issue a MODE SENSE command requesting the target 
to return all pages with Changeable values (see PCF field description 

for MODE SENSE command) prior to issuing any MODE SELECT commands. 
This allows the initiator to correctly determine which pages are 
supported, the proper length for those pages, and which parameters in 
those pages may be changed for that Logical Unit Number. 


xaeete Conds enteee GitETe Ghee tenets 
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9.12 RESERVE UNIT and RELEASE UNIT Commands (15H and 17H, respectively) 


Peripheral Device Type: Sequential Access 
m3 Operation Code Type: Mandatory 


TABLE 9-18. RESERVE UNIT AND RELEASE UNIT COMMANDS 





EE RO SS SE SR eee OST apeaee 


The RESERVE UNIT and RELEASE UNIT commands beth use the Command 
Descriptor Block shown in Table 9-18. | 


({ ).12.1 RESERVE UNIT Command (16H) 


The RESERVE UNIT command shall reserve the specified logical unit for 
the exclusive use by the requesting initiator or, if third-party 
reservation option is implementated, to another specified SCSI device. 


The reservation shall remain in effect until superceded by another 

I RESERVE UNIT command from the same initiator that made the 

reservation or until released by a RELEASE UNIT command from the same 
initiator, or a BUS DEVICE RESET message is received from any 
initiator, or a “hard" RESET condition. The occurrence of the last 
two conditions is indicated by a Sense Key of UNIT ATTENTION on the 
next command following the condition. It 1S not an error to issue 
this command to a logical unit that is currently reserved to the 
requesting initiatoc. 


If the logical unit is previously reserved for another initiator, 
then the target shall either: 


Ls return @ RESERVATION CONFLICT status 


2. queue the reservation request and then disconnect until all 
previously queued reservations have been released. When the 
logical unit is available, the target shall reconnect to perform 
the reservation. 


< & If, after honoring the reservation, any other initiator then 

“Sayre subsequently attempts to perform any command on the reserved logical. 
unit other than a RESERVE UNIT command, which may be queued, or a 
"RELEASE UNIT command, which shall be ignored, then the command shall 
be rejected with a RESERVATION CONFLICT status. 


Aegia REY 2783 TOC . arated om OS a 








SPECIFICATION REV 


DATE 
PAGE 


'G =) bones ales PERJPHERALS INC. 
- “sa aCorera Dara Comnarny 





a | 170 SS 





The third-party reservation option for the RESERVE UNIT command 
allows an initiator to reserve a logical unit for another SCSI 
device. This option is intended for use in multiple-initiator 
systems that use the COPY command. Any target that implements the 
third-party reservation option shall also implement the third-party 
release option (see 9.12.2). 


If the third-party (3rdPty) bit is zero, then the third-party 
reservation option is not requested. If the 3rdPty bit is one and 
the third-party reservation option ils implemented, then the RESERVE 
UNIT command shall reserve the specified logical unit for the SCSI 
device specified in the third-party device ID field. The target 

| shall preserve the reservation until superceded by another RESERVE 

| UNIT command from the same initiator, or by a BUS DEVICE RESET 
message from any initiator, or by a "hard" RESET condition. The 
target shall ignore (i.e., return GOOD status) any attempt made by 
any other initiator to release the reservation. 


m CDC products will support the third-party reservation option. 


An initiator that holds a current reservation may modify that 
reservation (e.g., switch third-parties) by issing another RESERVE | 
| UNIT command to the same Logical Unit. The superceding RESERVE UNIT «| 
| command shall release the previous reservation state only when the 
new reservation is granted. A superceding reservation takes. priority 
over any previously queued reservation request. 


9.12.2 RELEASE UNIT Command (178) 


The RELEASE UNIT command shall release the logical unit if it is 
currently reserved by the requesting initiator. 


It 1S not an error to attempt to release a logical unit that is not 
currently reserved to the requesting initiator. However, it shall 
not be released if it is reserved by another initiator. 


The third-party release option for the RELEASE UNIT command allows an 
initiator to release a logical unit that was previously reserved 
using the third-party raservation option (see 9.12.1). This option 
Shall be implemented if the third-party reservation option is 
implemented. This option is intended for use in multiple-initiator 
systems that use the COPY command. 


If the third-party (3rdPty) bit is zero, then the third-party release 
option is not requested. If the 3rdPty bit is one and the target 
implements the third-party release option, then the target shall 
release the specified logical unit, but only if the reservation was 
made using the third-party reservation option by the same initiator 

| that ils requesting the release and for the same SCSI device as 
specified in the third-party device ID field. 





w CDC products will support the third-party release option. 
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9.13 ERASE Command (19H) 


Peripheral Device Type: Sequential Access 
Operation Code Type: Optional 


TABLE 9-19. 








a E . 
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The ERASE command (Table 9-19) causes part or all of the remaining 
medium to be erased beginning from the current medium position. As 
used here, “erased” means either the medium shall be erased or a 
pattern shall be written on the medium that appears as gap to the 
target. 





The distance to be erased is controlled by the Long bit. A Long bit 
of one indicates that all remaining medium on the logical unit shall 
be erased. A Long bit of zero indicates that a peripheral device 
specified portion of the medium shall be erased. Normally. short 
erases are used to create an extended gap for software controlled 
error recovery or for support of “update in place" functions. The 
medium position following an ERASE command with a Long bit of one is 
net defined by this specification. 


NOTE: Some targets may reject ERASE commands with the Long bit set 
to one if the medium is not positioned at the beginning-of-mediun. 
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9.14 MODE SENSE Command (1AH). 


Peripheral Device Type: Sequential Access 
x Operation Code Type: Mandatory 


TABLE 9-20. MODE SENSE COMMANT 








| 
The MCDE SENSE command (Table 9-20) provides a means for a target to 
report its medium, logical unit, or peripheral device parameters to 
the initiator. It is a complementary command to the MODE SELECT a 
command (see 9.11) for support of a medium that may contain different ( 
densities, such as half-inch tapes. . 

| @ The Page Control Field (PCF) defines the type of mode parameter 

| m values to be returned. The target shall return the same Page Length 

{| mw for each supported page regardless of the value in the PCF. The 

| m £ield is defined as follows: 

i; @ Bit 7 Bit 6 , 

| 0 0 Return Current values. The Current values are the 

| ow values currently be'ng used by the target to control its 

| = operation. After a Power On Reset, a hard RESET, of a 

| a BUS DEVICE RESET message the Current values will be 

| a equal to the Saved values (1f Saved values are supported 

| = and can be retrieved) or the Default values (1f Saved 

| = values aren't supported of cannot be retrieved). The 

| = Current value of a parameter is updated whenever a MODE 

| = Select command that changes that parameter ends with 

| GOOD status being returned. 

| = 0 1 Return Changeable values. The changeable values of any 

| = page is a mask that indicates which parameters may be 

| ms changed via a MODE SELECT command and which parameters 

| = may not. Each returned parameter byte shall contain 

| @ ones where a field or bit may be changed and zeros where 

a 


a fleld or bit may not be changed. 
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Return Default values. The Default values are the 
values a target will set the Current values to after a 
reset condition unless valid Saved values are available. 


B&as 
re 
© 


L BR Return Saved values. The Saved values are the values a 
target stores in non-volatile memory. The Saved values 
of any changeable parameter can be set via a MODE SELECT 
command. For nonchangeable parameters, the Default 
value will be used. Support for Saved parameter values 
iS optional: for CDC products. 


CE 


The Block Descriptor will contain its normal values regardless of the 
value of the PCF. Unsupported firlds or bits within a page will be 
returned as zeros for all PCF values. 


cone 


m The Page Code allows the initiator to select one or all of the pages 
| mw Of Mode parameters supported by the target. Page Codes which may be 
mw supported by CDC products are listed here: 





Product Unique. See individual products specification. 
Tape Control parameters. 

Disconnect/Reconnect Control parameters. 

Return all supported pages. 





The Allocation Length specifies the number of bytes that the initiator 
has allocated for returned MODE SENSE data. An Allocation Length of 
zero indicates that no MODE SENSE data shall be transferred. This 
condition shall not be considered as an error. Any other value 
indicates the maximum number of bytes that shall be transferred. The 
target shall terminate the DATA IN phase when Allocation Length bytes 
have been transferred or when all available MODE SENSE data have been 
transferred to the initiator, whichever is less. 


The MODE SENSE data (Table 9-21) will always include a four-byte header, 
followed by one eight-byte block descriptor, followed by the requested 
m page or pages of MODE SENSE parameters. : 


< ae eae 
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TABLE 9-21. MODE SENSE DATA 








w 
Bo] 
The Sense Data Length specifies the length in bytes of the following 
mode sense data that is available to be transferred during the DATA 
IN phase. The Sense Data Length does not include itself. 
Code values for the Medium Type field shall be assigned as follows: 
00H Default (Only one medium type supported) 
O1LH--7FH Reserved 


a 8OH--FFH Reserved 


A Write Protected (WP) bit of zero indicates that the medium is write 
enabled. A Write Protected bit of one indicates that the medium is 
write protected. 


A Buffered Mode of zero indicates that the target does not report a 
GOOD status on WRITE commands until the data blocks are actually 
written on the medium. A Buffered Mode of one indicates that the 
target may report a GOOD status on WRITE commands as soon as the data 
block has been transferred to the SCSI device buffer. One or more 
blocks may be buffered prior to writing the block(s) to the mediun. 
Buffered Modes of 2H through 7H are reserved. 


an 


4agi4 REY. 2783 COC : . Printed in US ¢ 


ENGINEERING SPEC 64721700 





(a Minh Al PERIPHERALS INC. CD 9 
cial a Convol Company 
(q SPECIFICATION REV 
| PAGE 175 
TWIN CITIES DISK DIV LS LON reer nner enemnnmmamn 


Code values for the Speed field shall be assigned as follows: 


OH Default (only one speed supported) 
1H Lowest peripheral device speed 
2H--FH Increasing peripheral device speeds 


The Block Descriptor Length specifies the length in bytes of the Block 
m Descriptor. It is equal to the number of bytes in the Block Descriptor 
(8) and does not include the page headers and mode parameters, if 
m any. CDC products will send one Block Descriptor per LUN. 


Each Block Descriptor specifies the medium characteristics for all or 
part of a logical unit. Each Block Descriptor contains a Density 
Code, a Number of Blocks, and a Block Length. 


Code values for the Density Code field are defined in Table 9-14.1. 


The Number of Blocks field specifies the number of logical blocks on 
the medium that meet the Density Code and Block Length in the block 
descriptor. A Number of Blocks of zero indicates that all of the 

| remaining logical blocks of the logical unit have the medium 

¢ characteristics specified by the Block Descriptor. 


The Block Length specifies the length in bytes of each logical block 


described by the Block Descriptor. A Block Length of zero indicates 
that the length is variable. 


ma TABLE 9-22. MODE SENSE PAGE DESCRIPTOR HEADER 


“BIT; 7 | 6 | 
BYTE | 
Q 


ao 
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Each page of mode parameters (for the MODE SENSE command) begins with 
atwo byte Page Descriptor Header. The Page Code identifies which 
page of mode parameters is being transferred. The Page Length 
indicates the number of additional bytes of mode parameters being sent 
by this target. Multiple pages of mode parameters may be transferred 
in one MODE SENSE data in phase (using page code 3FH). 


The Parameters Saveable (PS) bit, when set to one, indicates that the 
page contains Saved parameters. Since the support of Saved values is 
optional, cefer to individual product specifications to see which 
parameters are saved. When the PS bit is set to zero, none of the 
parameters within the page are saved. 


ewe eee we ene SS 


Since support for most mode parameters is optional, some CDC products 
Will return a Page Length that is shorter than the number of bytes 
defined in this specification. 
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TABLE 9-23 DISCONNECT/RECONNECT CONTROL PARAMETERS 


THT Once gee epee Gee ee 


Both the ratio parameters are the numerator of a fractional 
multiplier that has 256 as its denominator. 


The Buffer Full Ratio indicates, on READ commands, how full the 
target's buffer shall be prior to reconnecting. Targets that include 
a larger granular buffer block size ahete round down to the nearest 
whole buffer block. 


The Buffer Empty Ratio indicates, on WRITE commands, how empty 
the target's buffer shall be prior to reconnecting to fetch more 


Gata. Targets that include a larger granular buffer block size shail 


round up to the nearest whole buffer block. 


The Bus Inactivity Limit field (bytes 4 and 5) indicates the time, 
in 100 microsecond increments, that the target is allowed to assert 
the BUSY signal without handshakes until it shall disconnect. The 
target may round down to its nearest capable value. A value of Zero 
indicates that the target is allowed to maintain the bus busv 
indefinitely without handshakes. 


The Disconnect Time Limit field (bytes 6 and 7) indicates the minimum 
time, in 100 microsecond increments, that the target shall remain 
disconnected until it shall attempt to reconnect. The target may round 
down to its nearest capable value. A value of zero indicates that the 
target is allowed to reconnect immediately. 


For Page Code 3FH, all pages supported by the target will be 
returned. Some page codes may be supported for one PCF value (for 
example, Default) but may not be supported for another PCF VALUE (for 
example, Changeable). However, a Default value and a Current value 
is required for all supported parameters. 
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9.15 LOAD/UNLOAD Command (1BH) 


Peripheral Device Type: Sequential Access 
Operation Code Type: Optional 


TABLE 9-26. LOAD/UNLOAD COMMAND 








The LOAD/UNLOAD command (Table 9-26) requests that the target enable 
or disable the Logical unit for further operations. This command may 


also be used to request the re-tension function on peripheral devices 
that support this function. 


ae 
a Fae 


= 


A Load bit of one indicates that the medium on the logical unit shall ~ 
be loaded and positioned to the beginning-of-medium or load-point as 
determined by the peripheral device. A Load bit of zero indicates 

that the medium on the logical unit shall be positioned for removal 
from the peripheral device. 


Status shall be returned after the medium is positioned unless the 
Immediate (Immed) bit is one. If the Immed bit is one, status may be 
returned as soon as the command has been accepted. 


A Re-Tension (Re-Ten) bit of one indicates that the medium on the 
addressed logical unit shall be correctly tensioned before the 
LOAD/UNLOAD command is completed. This is an optional function 


intended for use by those peripheral devices that support the 
re-tension function. | 
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9.16 PREVENT/ALLOW MEDIUM REMOVAL Command (1EH) 


Peripheral Device Type: Sequential Access 
Operation Code Type: Optional 


TABLE 93-27. PREVENT/ALLOW MEDIUM REMOVAL COMMAND 





The PREVENT/ALLOW MEDIUM REMOVAL command (Table 9-27) requests that 
the target enable or disable the removal of the medium in the logical 
unit. 





A Prevent bit of one shall inhibit mechanisms that normally allow 
removal of the medium. A Prevent bit of zero shall allow removal of 
the medium. | 


This prevention of medium removal condition shall terminate upon 
receipt of a PREVENT/ALLOW MEDIUM REMOVAL command with the prevent 
bit set to zero, o£ by the receipt of a BUS DEVICE RESET message from 
any initiator or by a "hard" RESET condition. 

10.0 GROUP 0 COMMAND DESCRIPTIONS FOR PRINTER DEVICES 

m CDC doesnit plan to offer SCSI products of this type. 

11.0 GROUP OG CCMMAND DESCRIPTIONS FOR PROCESSOR DEVICES 


m CDC doesn't plan to offer SCSI products of this type. 
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12.0 COMMAND DESCRIPTIONS FOR WRITE-ONCE READ-MULTIPLE DEVICES 
12.1 Group O Commands for Write-Once Read-Multiple Devices 
The Group OQ commands for write- once read-multiple devices shall be as 


shown in Table 12-1. 


TABLE 12-1. GROUP O COMMANDS FOR WRITE-ONCZE READ-MULTIPLE DEVICES 





OPERATION : 
CODE ___ TYPE ___ COMMAND NAME —_______ SECTION 





| 00H M TEST UNIT READY | rare aaa 
@ O1H M REZERO UNIT 3 ioe Ree 
02H R 
03H M REQUEST SENSE i ree ere 
04H R 
05H R 
06H R 
| 07H M REASSIGN BLOCKS 8.14.3 
| 08H 4 READ ie edb 
= OAH M WRITE 12.1.2. a 
| OBH M SEES $24.5 ° 
~ OCH R 
ODH R 
OLEH SR 
OFH x 
LOH R 
Lis R 
2 L2n M INQUIRY Tees 
pC R 
L4H R . 
a 15H M4. MODE SELECT BO ae ec 
| 16H A RESERVE Se Ss 
3 L7H M RELEASE B cdee 9 
= 18H M COPY 7.1.4 
LOH R 
23 LAH M MODE SENSE 12.1.4 
LBH 0 START/STOP UNIT | 8.1.11 
LCH 18) RECEIVE DIAGNOSTIC RESULTS i ge | 
a LDH M SEND DIAGNOSTIC if are a 
Lo 0 PREVENT/ALLOW MEDIUM REMOVAL see pe 
LPH R 





key: (Type definitions are defined in 6.1.2). 

M Command implementation is mandatory. 

Command implementation is optional. 

Operation code is reversed for future standardization. 
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12.1.1 READ Command (08H) 


Peripheral Device Type: Write-Once Read-Multiple and 
Read-Only Direct Access 
rr Operation Code Type: Mandatory 


TABLE 12-2. READ COMMAND 





RO EE ge GEE NES DEE eet tree 


The READ command (Table 12-2) requests that the target transfer data 
to the initiator. 


The Logical Block Address specifies the logical block at which the 
m read operation shall begin. Leading zeros will be assumed (ahead of 
the 21 bit address) if the device requires an address larger than 21 


= 


= bits. 


The Transfer Length specifies the number of contiguous logical blocks 
of data to be transferred. A Transfer Length of zero indicates that 
256 logical blocks shall be transferred. Any other value indicates 
the number of logical blocks that shall be transferred. 


This command shall be terminated with a status of RESERVATION 
CONFLICT if any reservation access conflict (see 8.1. 8) exists and no 
data shall be transferred. 


_ If any of the following conditions occur, this command shall be 
terminated with a CHECK CCNDITION status, and if extended sense is 
implemented, the Sense Key shall be set as indicated in the following 
table. This table does not provide an exhaustive enumeration of all 
conditions that may cause the CHECK CONDITION status. 
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Invalid Logical Block Address | ILLEGAL REQUEST (see note 1) 


Target reset or medium change since the 


last command from this initiator UNIT ATTENTION 
Unrecoverable read error MEDIUM ERROR 

Overrun or other error that might | 

be resolved by repeating the command ABORTED COMMAND 

Attempt to read a blank or previously 

unwritten block BLANK CHECK (see note 2) 
NOTES: 


L. The extended sense Information Bytes shall be set to the Logical 
Block Address of the first invalid address. 


2. The extended sense Information Bytes shall be set to the Logical 
Block Address of the first blank block encountered. The data 
read up to that block shall be transferred. 

iZ2.1.2 WRITE Command (0AH) 
Peripheral Device Type: Write-Once Read-Multiple 
3 Operation Code Type: Mandatory 


TABLE 12-3. WRITE COMMAND 





The WRITE command (Table 12-3) requests that the target write the 
data transferred from the initiator to the mediun. | 


The Logical Block Address specifies the logical block at which the 
write operation shall begin. Leading zeros will be assumed (ahead of 
@ the 21 bit address) if the device requires an address larger than 21 
a bits. : | Par 
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The Transfer Length specifies the number of contiguous logical blocks 
of data that shall be written. A Transfer Length of zero indicates 
that 256 logical blocks shall be written. Any other value indicates 
the mumber of logical blocks that shall be written. 


This command shall be terminated with a status of RESERVATION 
CONFLICT if any reservation access conflict (see 8.1.8) exists and no 
data shall be written. 


If any of the following conditions occur, this command shall be 
terminated with a CHECK CONDITION status, and if extended sense is 
implemented, the Sense Key shall be set as indicated in the following 
table. This table does not provide an exhaustive enumeration of all 
conditions that may cause the CHECK CONDITION status. 


SS) N10 0 SS 1S) RN ean ee Ie eee ee ee en SON Se a 
Invalid Logical Block Address ILLEGAL REQUEST (see note i) 
Target reset or medium change since the 
last command from this initiator UNIT ATTENTION 

Lay i Overrun or other error that might 

ff be resolved by repeating the command ABORTED COMMAND 


Attempt to write a previously 
Written block and blank checking is 
enabled (see 12.1.3) BLANK CHECK (see note 2) 


NOTES : | 
1. The extended sense Information Bytes shall be set to the Logical 
Block Address of the first invalid address. 


2. The extended sense Information Bytes shall be set to the Logical 
Block Address of the first non-blank block encountered. 


. 
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12.1.3 MODE SELECT Command (15H) 


Peripheral Device Type: Write-Once Read-Multiple and 
Read-Only Direct Access 
Operation Code Type: Mandatory 


TABLE 12-4. MODE SELECT COMMAND 





The MODE SELECT command (Table 12-4) provides a means for the 


initiator to specify medium, logical unit, or peripheral device 
parameters to the target. 


The Save Mode Parameters (SMP) bit. when set to one, requests that 
the target save the saveable pages. The target must update the 
Current mode values with parameters included with this command, save 
the Current values of the saveable parameters, and report GCOD status. 
only after the save operation is completed. The Saved parameters 
Shall not be changed if an error is detected during the MODE SELECT 


command. When the SMP bit is set to zero, the Saved parameter values 
will not be changed. 


Support for Saved parameters is optional for CDC products. f£ the 
SMP bit is set and Saved parameters are not supported, the target 
Shall return CHECK CCNDITION status with ILLEGAL REQUEST Sense Key. 


The Parameter List Length specifies the length in bytes of the MODE 
SELECT parameter list that shall be transferred from the initiator to 
the target. A Parameter List Length of Zero indicates that no data 


shall be transferred. This condition shall not be considered as an 
error. | 7 


The MODE SELECT parameter list (Table 12-5) contains a four-byte 
header, followed by zero or one eight-byte block descriptors, 
followed by the pages of MODE SELECT parameters. 
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TABLE 12-5. MODE SELECT PARAMETER LIST 


ayeee | 7 ! 6 | 5 | 4 | 3 2 | 1 | QO 
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Reserved 
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An Enable Blank Check (EBC) bit of zero disables blank checking of 
the medium during write operations. An EBC bit cf one enables blank 
checking. I£ a non-blank block is found during a write operation, 
the command shall be terminated with a CHECK CONDITION status and tha 
sense Key shall be set to BLANK CHECK. For read-only dizrect-access 
devices, the EBC bit is reserved. 


The Block Descriptor Length specifies the length in bytes of the Block 
Descriptor. It is equal to the number of bytes in the Block Descriptor 
(either O or 8) and does not include the page headers and mode 
parameters, if any. A Block Descriptor Length of zero indicates that 
no block descriptor shall be included in the parameter list. This 
condition shall not be considered as an error. CDC products will 
SUPpOort one Block Descriptor per LUN. 


BEES 8&8 


Each Block Descriptor specifies the medium characteristics for all or 
part of a logical unit. Each Block Descriptor contains a Number of 
Blocks and a Block Length. The Number of Blocks field specifies the 
number of Logical blocks to be formatted with the Block Length 
specified in the Block Descriptor. The Block Length field specifies 
the length in bytes of the logical block to be formatted. 


The rest of the MODE SELECT parameters are organized into pages that 
group the parameters by function. The parameter definitions are the 
Same as those described in the MODE SENSE command (paragraph 12.1.4) 
and will not be repeated here. 
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ae TABLE 12-6. MODE SELECT PAGE DESCRIPTOR HEADER 





Each page of mode parameters begins with a two byte Page Descriptor 
Header. The Page Code identifies which page of mode parameters is 
being transferred. The Page Length indicates the number of additional 
bytes of mode parameters contained in this page. The number of 
additional bytes sent must always match the Page Length value. 


en cee Sete ema ace 


If the initiator sends mode parameter bytes that are not supported by 
the target, the target will set CHECK CONDITION status with ILLEGAL 
REQUEST Sense Key. The initiator may only send mode parameters for 
pages if the target supports Changeable parameters within that page. 
The Page Length sent by the initiator must be the same as the Page 
Length value received from the target during a MODE SENSE command with 
PCF set to O01 (binary). CDC products may optionally support the 
following Page Codes: 


Page Code mae Description | - | | | 
Product Unique. See individual product specifications. 
Ol Error Recovery parameters. 


028 Deeconnece/Becunaces Control parameters. 





Sh 8 eB 
oO 
oO 
ra 


The initiator shall issue a MODE SENSE command requesting the target 
to return all pages with Changeable values (see PCF field description 
for MODE SENSE command) prior to issuing any MODE SELECT commands. 
This allows the initiator to correctly determine which pages are 
supported, the proper length for those pages, and which parameters in 
those pages may be changed for that Logical Unit Number. 
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12.1.4 MODE SENSE Command (1AH) 


Peripheral Device Type: Write-Once Read-Multiple and 
Read-Only Direct Access 
rs Operation Code Type: Mandatory 


TABLE 12-7. MODE SENSE COMMAND 








| mm 
The MODE SENSE command (Table 12-7) provides a means for a target to 
report its medium, logical unit, or peripheral device parameters to 
the initiator. It is a complementary command to the MODE SELECT 
command for support of medium that may contain multiple block lengths. 

| m The Page Control Field (PCF) defines the type of mode parameter 

| » values to be returned. The target shall return the same Page Length 

i m for each supported page regardless of the value in the PCF. The 

| mw fleld is defined as follows: 

| » Bit 7 Bit 6 | 

1 0 0 Return Current values. The Current values are the 

| = values currently being used by the target to control its 

| 2 operation. After a Power On Reset, a hard RESET, or a 

| @ BUS DEVICE RESET message the Current values will be 

| = equal to the Saved values (if Saved values are supported 

| 2 and can be retrieved) or the Default values (i1£ Saved 

| my values aren't supported or cannot be retrieved). The 

| Current value of a parameter is updated whenever a MCDE 

| = Select command that changes that parameter ends with 

| = GOOD status being returned. 

| = 0 1 Return Changeable values. The changeable values of any 

| @ page is a mask that indicates which parameters may be 

[ om changed via a MODE SELECT command and which parameters 

| @ may not. Each returned parameter byte shall contain 

| om ones where a field or bit may be changed and zeros where 

| a field or bit may not be changed. 
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L 0 Return Default values. The Default values are the 
values a target will set the Current values to after a 
reset condition unless valid Saved values are avallable. 


1 a Return Saved values. The Saved values are the values a 
yok g target stores in non-volatile memory. The Saved values 
of any changeable parameter can be set via a MODE SELECT 
command. For nonchangeable parameters, the Default 
value will be used. Support for Saved parameter Values 
is optional for CDC products. 


ews Gee: exo «he em cavers 


The Block Descriptor will contain its normal values regardless of the 
value of the PCF. Unsupported-firlds or bits within a page will be 
returned as zeros for all PCF values. 


The Page Code allows the initiator to select one or all of the pages 
of Mode parameters supported by the target. Page Codes which may be 
supported by CDC products are listed here: 


Page Code Description _ 
OOH  ##Product Unique. See individual products “Specification. 
01H Error Recovery parameters. 
02H Disconnect/Reconnect Control parameters. i 
3FH Return all supported pages. 


The Allocation Length specifies the number of bytes that the initiator 
has allocated for returned MODE SENSE Data. An Allocation Length of 
zero indicates that no MODE SENSE data shall be transferred. This 
condition shall not be considered as an error. Any other value 
indicates the maximum number of bytes that shall be transferred. The 
target shall terminate the DATA IN phase when Allocation Length bytes 
have been transferred or when all available MODE SENSE data have been 
transferred to the initiator, whichever is less. 


The MODE SENSE data (Table 12-8) will always include a four-byte header, 
followed by one eight-byte block descriptor, followed by the requested 
page or pages of MODE SENSE pvarametercs. | a 
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TABLE 12-8. MODE SENSE DATA 
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Mode Select Page Headers 
and their parameters 
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(( : The Sense Data Length specifies the length in bytes of the following 
MODE SENSE data that is available to be transferred during the DATA 
IN phase. The Sense Data Length does not include itsel£é. : 


Code values for the Medium Type field shall be assigned as follows: 


008 Default (only one oe type supported) 
QO1LH--7FH Reserved 
2 SOH--FFH Reserved 


An Enable Blank Check (EBC) bit of zero indicates that blank checking 
of the medium during write operations is disabled. An EBC bit of one 
indicates that blank checking during write operations is enabled. 

For read-only direct-access devices, the EBC bit is reserved. 


A Write Protected (WP) bit of zero indicates that the medium is writes 
enabled. A WP bit of one indicates that the medium is write 


protected. For read-only direct-access devices, the WP bit is 
reserved. : 


The Block Descriptor Length specifies the length in bytes of the Block 
w Descriptor. It is equal to the number of bytes in the Block Descriptor 
(8) and does not include the page headers and mode parameters, if 
@ any. CDC products will send one Block Descriptor per LUN. 
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Each Block Descriptor specifies the medium characteristics for all or 
part of a logical unit. Each Block Descriptor contains a Number of 
Blocks and a Block Length. 


The Number of Blocks field indicates the number of logical blocks 
that have the block length specified in the Block Descriptor. The 
Block Length field indicates the aed in bytes of each logical 
block. | 


ae TABLE 12-9. MODE SENSE PAGE DESCRIPTOR HEADER 





BIT] 7 | 6 | +S | 4 +| 3 | 2 | LO > 0 


notes ett Wasi CE ere 





Each page of mode parameters (for the MODE SENSE command) begins with 

a two byte Page Descriptor Header. The Page Code identifies which 

page of mode parameters is being transferred. The Page Length 

indicates the number of additional bytes of mode parameters being sent 

by this target. Multiple pages of mode parameters may be transferred 
in one MODE SENSE data in phase (using page code 3FH). 


The Parameters Saveable (PS) bit, when set to one, indicates that the 
page contains Saved parameters. Since the support of Saved values is 
optional, refer to individual product specifications to see which 
Parameters are saved. When the PS bit is set to zero, none of the 
parameters within the page are saved. 


Since support for most mode parameters is optional, some CDC products 
will return a Page Length that is shorter than the number of bytes 
defined in this specification. 
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ma TABLE 12-10 ERROR RECOVERY PAGE 





The Automatic Write Reallocation of defective data blocks Enabled 
(AWRE) bit, when set to one, allows the target to automatically 
relocate bad blocks detected during write operations. This function 
doesn't apply to the FORMAT UNIT command. When set to zero, the 
target shall not perform automatic reallocation but shall create the 
CHECK CONDITION Status with Sense Key of MEDIUM ERROR instead. 


The Automatic Read Reallocation of defective data blocks Enabled 
(ARRE) bit, when set to one, allows the target to automatically 
relocate bad biocks detected during read operations. When set to 
zero, the target shall not perform automatic reallocation but shall 
create the CHECK CONDITION Status with Sense Key of MEDIUM ERROR 
instead. 


The Transfer Block (TB) bit, when set to one, indicates that the 
falling data block shall be transferred to the initiator. 
When set to zero, the falling data block shall not be transferred. 


The Read Continuous (RC) bit, when set to one, requests the target to 
transfer the requested data length without adding delays (for retries 
er ECC correction) that may be required to ensure data integrity. 

The target may send data that is erroneous in order to maintain the 
continuous flow of data. This bit shall override the DTE bit if it 
is set. When set to Zero, recovery actions during data transfer are 
allowed. 


The Enable Early Correction (EEC) bit, when set to one, allows the. 
target to apoly ECC correction as soon as possible, before the retry 
count 1s exhausted. Seek error retries are not affected by this bit. 
When this bit is set, the DCR bit must be zero. When the EEC bit is 
set to zero, the target shall exhaust the retry count before applying 
ECC correction. 


The Post Error (PER) bit, when set to one, indicates that the target 
Will report CHECK CONDITION status and appropriate Sense Key for any 
recovered errors encountered. Reporting of unrecoverable errors will 
have priority over Reporting of recoverable errors. When set to 
zero, any errors recovered within the limits established by the other 
Error Recovery Flags will not be reported. Any unrecoverable errors 
Will still be reported. | 
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The Disable Transfer on Error (DTE) bit is only valid when the PER bit 
is also set to one. When the DTE bit is set to one, it indicates 

that the target will terminate data transfer even for recoverable 
errors. The setting of the TB bit determines whether the block in 
error will be transferred. When DTE is set to zero, data transfer 
will continue if recoverable errors are encountered. If the PER bit 
is ome and the DTE bit is zero, recoverable errors will be reported 
after all data has been transferred. 


BHBSBasgaanas 


The Disable Correction (DCR) bit, when set to one, indicates that ECC 
correction shall not be applied to the data even if correction is 
possible. When set to zero, ECC correction shall be applied if 
correction is possible. 


The Retry Count is the maximum number of times that the target should 
attempt its read recovery algorithm. 


The Correction Span is the size of the largest read data error, in 
bits, on which ECC correction may be attempted. Data errors longer 
than this span will be reported as unrecoverable errors. 


aa TABLE 12-1ll DISCONNECT/RECONNECT CONTROL PARAMETERS 
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Bus Inactivity Limit (MSB) 
| Bus [Inactivity Limit (LSB) 7 
| Disconnect Time Limit (MSB) 
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Both the ratio parameters are the numerator of a fractional 
multiplier that has 255 as its denominator. 


The Buffer Full Ratio indicates, on READ commands, how full the 
target's buffer shall be prior to reconnecting. Targets that include 
a larger granular buffer block size shall round down to the nearest 
whole buffer block. 


The Buffer Empty Ratio indicates, on WRITE commands, how empty 

the target's buffer shall be prior to reconnecting to fetch more 
data. Targets that include a larger granular buffer block size shail |. 
round up to the nearest whole buffer block. - G 





\a914 REV. 2/89 COC | | 2ored un 5 





Cc... ENGINEERING SPEC 64721700 


SPECIFICATION a 


DATE 
PAGE 193 





TWIN CITIES DISK DIVISION 


The Bus Inactivity Limit field (bytes 4 and 5) indicates the time, 
in 100 microsecond increments, that the target is allowed to assert 
the BUSY signal without handshakes until it shall disconnect. The 
target may round down to its nearest capable value. A value of zero 
jndicates that the target is allowed: to maintain the bus busy 
indefinitely without handshakes. 


2868 @@ 


The Disconnect Time Limit field (bytes 6 and 7) indicates the time, 

in 100 microsecond increments, that the target shall remain disconnected 
until it shall attempt to reconnect. The target may round down to 

its nearest capable value. A value of zero indicates that the target 

1s allowed to reconnect immediately. 


oe 


For Page Code 3FH, all pages supported by the target will be 
returned. Some page codes may be supported for one PCP value (for 
example, Default) but may not be supported for anothers PCF VALUE (for 
example, Changeable). However, a Default value and a Current value 
1s crequired for all supported parameters. 
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Zack GEOUP L Commands for Write-once peso eee yee Devices 


The Group lL commands for write-once read-multiple devices Shall be as 
shown in Table 12-13. 


TABLE 12-13. GROUP 1 COMMANDS FOR WRITE-ONCE READ-MULTIPLE DEVICES 


OPERATION | 
CODE TYPE. _ COMMAND NAME | ee CL LON 





READ CAPACITY 8.2.1 


READ EXTENDED | | L2s220 


WRITE EATENDED | 12.2.2 
SEEX EATENDED 8.2.4 


WRITE AND VERIFY | 12.2.3 
VERIFY | 12.2.4 
SEARCH DATA HIGH | 12.2.5. 
SEARCH DATA EQUAL 12225 
SEARCH DATA LOW | 1Z.2.5 


COMPARE | 1262.5 
COPY AND VERIFY oo . 222206 
WRITE DATA BUFFER | 7.223 
a 3CH READ DATA BUrFER | 7.2.4 
3DH 
3Ea 
3FH 


® 
4 
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key: (Type definitions are defined in 6.1.2). 

M = Command implementation is mandatory. 

O = Command implementation is optional. 

R = Operation code is reversed for future standardization. ns 
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12.2.1 READ EXTENDED Command (28H) 


Peripheral Device Type: Write-Once Read-Multiple and 
Read-Only Direct Access 
Operation Code Type: Mandatory 


TABLE 12-14. READ COMMAND 





The READ command (Table 12-14) requests that the target transfer data 
to the initiator from the medium. 


The Logical Block Address specifies the logical block at which the 
read operation shall begin. 


The Transfer Length specifies the number of contiguous ieghedt blocks 
of data that shall be transferred. A Transfer Length of zero 
indicates that no data shall be transferred. This condition shall 
not be considered as an error. Any other value indicates the number 
of logical blocks that shall be transferred. 


This command shall be terminated with a status of RESERVATION 
CONPLICT if any reservation access conflict (see 8.1.8) exists and no 
data shall be transferred. 
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If any of the following conditions occur, this command shall be 
terminated with a CHECK CONDITION status and, if extended sense is 
‘implemented, the Sense Key shall be set as indicated in the following 
table. This table does not provide an exhaustive enumeration of all 
conditions that may cause the CHECK CONDITION status. 


Invalid Logical Block Address | ILLEGAL REQUEST (see note 1) 
Target reset or medium change since | 

the last command from this initiator UNIT ATTENTION 

Overrun or other error that might 

be resolved by repeating the command - ABORTED COMMAND 

Attempt to read a blank or previously 

unwritten block | BLANK CHECK (see note 2) 
NOTES: | 


lL. The extended sense Information Bytes shall be set to the 
Logical Block Address of the first invalid address. - 


2. The extended sense Information Bytes shall be set to the 
Legical Block Address of the first blank block encountered. 
The data read up to that block shall be transferred. 
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12.2.2 WRITE EXTENDED Command (2AH) 


Peripheral Device Type: Write-Once Read-Multiple 
Operation Code Type: Mandatory 


TABLE 12-15. WRITE EXTENDED COMMAND 





Se ee gee Gree IE GE Go eerie? GS eee eee ere 


The WRITE command (Table 12-15) requests that the target write the 
data transferred from the initiator to the medium. 


The Logical Block Address specifies the logical block at which the 
write operation shall begin. 


The Transfer Length specifies the number of contiguous logical blocks 
of data that shall be transferred. A Transfer Length of zero 
indicates that no data shall be transferred. This condition shall 
mot be considered as an error and no data shall be written. Any 
other value indicates the number of logical blocks that shall be 
transferred. 


This command shall be terminated with a status of RESERVATION 
CONFLICT if any reservation access conflict (see 98.1.8) exists and no 
data shall be written. 
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If any of the following conditions occur, this command shall be 
terminated with a CHECK CONDITION status and, if extended sense is 
implemented, the Sense Key shall be set as indicated in the following 
table. This table does not provide an exhaustive enumeration of all 
conditions that may cause the CHECK CONDITION status. 


SS) DE GS Oe OS ee ne a =P OY EE Ge ae 
Invalid Logical Block Address ILLEGAL REQUEST (see note 1) 


Target reset or medium change since 
the last command from this initiator UNIT ATTENTION 


Overrun or other error that might 
be resolved by repeating the command | ABORTED COMMAND 


Attempt to write a previously 
written block and blank checking is 
enabled (see 12.1.3) | BLANK CHECK (see note 2) 


NOTES: | 
1. The extended sense Information Bytes shall be set to the 
Logical Block Address of the first invalid address. 


2. The extended sense Information Bytes shall be set to the 
Logical Block Address of the first non-blank block 
encountered. . 
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12.2.3 WRITE AND VERIFY Command (25H) 


Peripheral Device Type: Write-Once Read-Multiple 
Operation Code Type: Optional 


TABLE 12-16. WRITE AND VERIFY COMMAND 





| 
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The WRITE AND VERIFY command (Table 12-16) requests that the target 
write the data transferred from the initiator to the medium and then 
verify that the data is correctly written. 


A Byte Check (BytChk) bit of zero causes the verification to be 
Simply a medium verification (CRC, ECC, etc). A BytChk bit of one 
causes a byte-by-byte compare of data written to the peripheral 
device and the data transferred from the initiator. If the compare 
is unsuccessful, the command shall be terminated with a CHECK 
CONDITION status and the Sense Key shall be set to MISCOMPARE. 


The Logical Block Address specifies the logical block at which the 
write operation shall begin. 


The Transfer Length specifies the number of contiguous logical blocks 
of data that shall be transferred. A Transfer Length of zero 
indicates that no logical blocks shall be transferred. This 
condition shall not be considered as an error and no data shall be 
written. Any other value indicates the number of logical blocks that 
shall be transferred. 
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12.2.4 VERIFY Command (2FH) 


Peripheral Device Type: Write-Once Read-Multiple and 
Read-Only Direct Access 
Operation Code Type: Optional 


TABLE 12-17. VERIFY COMMANL 





BIT] 7 | 6 | 5 | 4 | 3 | 2 | L { oO 





The VERIFY command (Table 12-17) requests that the target verify the 
data on the mediun. | 


A Byte Check (BytChk) bit of zero causes the verification to be 
Simply a medium verification (CRC, ECC, etc). A BytChk bit of one 
causes a byte-by-byte compare of the data on the medium and the data 
‘transferred from the initiator. The data shall be transferred as it 
would be for a WRITE command. If the compare is unsuccessful, the 
command shall be terminated with a CHECK CONDITICN status and the 
Sense Key shail be set to MISCOMPARE. 


A Blank Verify (BIkVfy) bit of one causes a verification that the 
blocks are blank. 


The Logical Block Address specifies the logical block at which the 
verify Seeraenoe shall begin. 


The Verification Length specifies the number of contiguous logical 
blocks of data or blanks that shall be verified. A Verification 
Length of zero indicates that no logical blocks shall be verified. 
This condition shall not be considered as an error. Any other value 
indicates the number of logical blocks that shall be verified. 
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12.2.5 SEARCH DATA Commands (30H, 31H or 32H) 
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Peripheral Device Type: Direct Access, Write-Once Read-Multiple, and 
Read-Only Direct Access 
Operation Code Type: Optional 


TABLE 12-18. SEARCH DATA COMMANDS 


Bit]. 7 | 6 | 5 { 4 | 3 | 2 | L | 8) 
Byte tt , | | 
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The SEARCH DATA commands (Table 12-18) search one or more logical 
blocks for equality or inequality to a data pattern. The concept of 
records within a logical block is used to allow multiple records 
within a logical block to be searched. 


An Invert bit of one indicates that the search condition is to be 
inverted. See 12.2.5.1 through 12.2.5.3 fer a description of the 
search conditions for the individual SEARCH DATA commands. 


A Spanned Data (SpnDat) bit of zero indicates that each record shall 
be wholly contained within a single block. Amy space at the end of a 
block that is smaller than the record length 1s ignored by the SEARCH 
DATA commands. A SpnDat bit of one indicates that records span block 
boundaries. Thus, a record may start in one block and end in the 
next or a subsequent block. 


A Transfer Length of zero indicates that no data shall be searched. 
This condition shall be treated the same as an unsatisfied search. 
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A Link bit of zero indicates a nonlinked command and if the search 
is satisfied, the command shall be terminated with a CONDITION MET 
status. A REQUEST SENSE command can then be issued to determine 
the Logical Block Address and record offset of the matching record. 
| If the search is not satisfied and no error occurs, the command 
| shall be terminated with GOOD status. 


A Link bit of one indicates a command is linked to the SEARCH DATA 
| command and if the search is satisfied, CONDITION MET status is 
| returned and the next command is executed. If the RelAdr bit in 
the next command is one, the logical block address of the next 
command is used as a displacement from the Logical Block Address at 
which the search was satisfied. If a linked search is not 
satisfied, the command is terminated with a CHECK CONDITION 
status. A REQUEST SENSE command may then be issued. 


A REQUEST SENSE command following a satisfied SEARCH DATA command 
shall: 


(1) Return a Sense Key of EQUAL if the search was satisfied by an 
exact match. [If the search was satisfied by an inequality then 
a Sense Key of NO SENSE shall be returned. 


(2) Return the Valid bit set to one. 


(3) Return the Logical Block Address of the leqical block 
containing the first matching record in ti 2 Information Bytes. 


(4) Return the record offset of the matching record in the first 
four bytes of additional sense bytes. 


A REQUEST SENSE command following an unsatisfied SEARCH DATA 
command shall: 


(1) Return a Sense Key of NO SENSE, if no errors occurred during 
the command execution. 


(2) Return the Valid bit set to zero. 


The SEARCH DATA parameter list (Table 12-14) contains a 
fourteen-byte header, followed by one or more search argument 
descriptors. a | 
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TABLE 12-19. SEARCH DATA PARAMETER LIST 
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The Logical Record Length field specifies the record length in 
bytes. | 


The First Record Cffset field specifies the number of bytes that 
shall be ignored in the first logical block before the search 
begins. The value in the First Record Offset field shall not 
exceed the length of the logical block. Subsequent logical blocks 
shall be searched beginning with the first byte in the logical 
block. This permits one or more records to be skipped initially. 


The Number of Records field specifies the maximum number of records 
that shall be searched by this command. An unsatisfied search 
shall terminate when the Number of Records or the number of blocks 
(from the Command Descriptor Block) have been exhausted. 


The Search Argument Length specifies the length in bytes of all the 
Search Argument Descriptors that follow. Since the Pattern Length 
can vary, there is no fixed multiple of the Search Argument 
Descriptor to determine the Search Argument Length. 


¢ The Search Argument Descriptors specify one or more search 

Saree conditions to execute within a single record in order to satisfy 
the search. Each Search Argument Descriptor is made up of a 
Displacement, a Pattern Length, and a Pattern. 
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The Displacement field specifies the displacement in bytes of the 


first byte of the data to be Companies from the start of the logical 
record. 


The Pattern Length field specifies the length in oS of the 
pattern that follows. 


The Pattern specifies the data to compare to the logical record. 


L2.2.5.1 SEARCH DATA HIGH Command (30H) 


The SEARCH DATA HIGH command shall be satisfied by the first 
logical record searched that contains data that satisfies all of 
the Search Argument Descriptor(s). If the Invert bit in the 
Command Descriptor Block is zero, the Search Argument Descriptor(s) 
Shall be satisfied by data in the logical record being greater than 
the data in the pattern. If the Invert bit is one, the Search 

- Argument Descriptor(s) shall be satisfied by data in the logical 


_ record being less than or equal to the data in the pattern. (See 
, LZageo)% 


‘12.2.5.2 SEARCH DATA EQUAL Command (318) 


The SEARCH DATA EQUAL command shall be satisfied by the first \ 
logical record searched that contains data that satisfies all of 

the Search Argument Descriptor(s). If the Invert bit in the 

Command Descriptor Block is zero, the Search Argument Descriptor(s) 
shall be satisfied by data in the logical record being equal to the 
data in the pattern. If the Invert bit is one, the Search Argument 
Descriptor(s) shall be satisfied by data in the logical record 

being not equal to the data in the pattern. (See 12.2.5). 


12.2.5.3 “SEARCH DATA LOW Command (32H) 


The SEARCH DATA LOW command shall be satisfied by the first logical 
- record searched that contains data that satisfies all of the Search 
Argument Descriptor(s). If the Invert bit in the Command 
Descriptor Block is zero, the Search Argument Descriptor(s) shall 
be satisfied by data in the logical record being less than the data 
in the pattern. If the Invert bit is one, the Search Argument 
Descriptor(s) shall be satisfied by data in the logical record 


being greater than or equal to the data in the. pattern. (See 
D2i265)% | 
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12.2.6 COMPARE Command (39H) 


Peripheral Device Type: All 
Operation Code Type: Optional 


TABLE 12-20. COMPARE COMMAND 
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The COMPARE command (Table 12-20) provides the means to compare 
data from one logicai unit with another or the same logical unit in 
a manner similar to the COPY command. : 


This command functions in the same manner as the COPY command, 
except that the data from the source is compared on a byte-by-byte 
basis with the data from the destination. The parameter list 
transferred to the target is the same as for the COPY command. 
This parameter list contains the information to identify the 
logical units involved in the comparison and the length of the 
comparison. (See 7.1.4 for additional information about the COPY 
command. ) 


If the comparison is unsuccessful, the command shall be terminated 
with. a CHECK CONDITION status and the Sense Key shall be set to 
MISCOMPARE. The remaining fields in the extended sense shall be 
set as documented in the COPY command. 
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12.2.7 COPY AND VERIFY Command (3AH) 


Peripheral Device Type: All 
Operation Code Type: Optional 


TABLE 12-21. COPY AND VERIFY CCMMAND 





The COPY AND VERIFY command (Table 12-21) performs the sane 
function as the COPY command, except that a verification of the 
data written to the destination logical unit is performed after the 
data ls written. The parameter list transferred to the target is 
the same as for the COPY command. This parameter list contains the 
information to identify the logical units involved in the copy and 


the length of the copy. (See 7.1.4 for additional information 
about the COPY command.) | 


A Byte Check (BytChk) bit of zero causes the verification to be 
Simply a medium verification (CRC, ECC, etc). A BytChk bit of one 
causes a byte-by-byte comparison of data written to the destination 
logical unit and the data read from the source logical unit. 


If the comparison is unsuccessful, the command shall be terminated 
with a CHECK CONDITION status and the Sense Key shall be set to 
MISCOMPARE. The remaining fields in the extended sense shall be 
set as documented in the COPY command. 
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13.0 COMMAND DESCRIPTIONS FOR READ-ONLY DIRECT-ACCESS DEVICES 
13.1 Group O Commands for Read-Only Direct-Access Devices 

The Group OQ commands for read-only direct-access devices shall be as 


shown in Table 13-1. 


TABLE 13-1. GROUP O COMMANDS FOR READ-ONLY DIRECT-ACCESS DEVICES 





OPERATION . | 
CODE TYPE COMMAND NAME ‘SECTION 
m Oor M TEST UNIT READY re ree 
a O1H M REZERO UNIT 8.1.1 
02H R 
03H M REQUEST SENSE cae are 
O44 kt | 
05H R 
06H R 
a 07H R 
f ( 2 08H mM READ nee eres 
ee: 09H R 
OAH rt 
a OBH M SEEX 8.1.6 
OCH R : 
ODH R 
OEH R 
OFH R 
LOH: R 
LI1a R 
a L23 M INQUIRY -°- | Y gre ern 
138 R . 
L4H R 
a 15H iM MODE SELECT pea CPS 
m 16H Fie RESERVE &@.1.8 
Qi L7H M RELEASE 8.1.9 
a L8H 4 COPY 7.1.4 
LOH R | 
LAH M MODE SENSE | 12.1.4 | 
LBH O START/STOP UNIT 8.1L.i1 
LCH .@) RECEIVE DIAGNOSTIC RESULTS oe a 
@ LDR 4 SEND DIAGNOSTIC Tweed 
LEH O PREVENT/ALLOW MEDIUM REMOVAL 2 ee pas 
LPH R 
ce key: (Type definitions are defined in 6.1.2). 
eh eee, M = Command implementation is mandatory. 


© = Command implementation is optional. | 
R = Operation code is reversed for future standardization. 
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13.2 Group 1 Commands for Read-Only Direct-Access Devices | 


' The Group lL commands for read-only direct-access devices shall be as 
shown in Table 13-2. 


Table 13-2. GROUP 1 COMMANDS FOR READ-ONLY DIRECT-ACCESS DEVICES 


OPERATION 
—CODE TPE __ COMMAND NAME SECTION 


20H 

21H 

, 22H 
23H 

24H 

a 25H 
26H 

27H 

28H 

29H 

Z2AH 

= 23H 
2CH 

2DH 

22H 

2F°H 

30H > 


READ CAPACITY 8.2.1 
READ EATENSED | 12.261 


SEEK EXTENDED 8.2.4 


VERIFY L2.2 
SEARCH DATA HIGH 12.2 
SEARCH DATA EQUAL 12.2. 
SEARCH DATA LOW Lene 


COMPARE 

COPY AND COMPARE 

WRITE DATA BUFFER 
READ DATA BUFFER 


oe oll 
WANN 
NNN 


e e 
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DO 





key: (Type definitions are defined in 6.1.2). 
M = Command implementation is mandatory. 

O = Command implementation is optional. © 

R = Operation code is reversed for future standardization. f- 
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14.0 STATUS 


A status byte shall be sent from the target to the initiator during 
the STATUS phase at the termination of each command as specified in 
Tables 14-1 and 14-2 unless the command is cleared by an AEORT 
m message, by a BUS DEVICE RESET message, by a "hard" RESET condition, 
= or by a catastrophic reset condition. 


TABLE 14-1. STATUS BYTE 








CHECK CONDITION 
CONDITION MET/GOOD 
Reserved 


coo Ola 
Horo, 
oooj$jll 


BUSY 

Reserved 
Reserved 
Reserved 


Ooo000 
oo000 
Qo000 
So coll mall oe 
Mr OrO 
O000 


INTERMEDIATE / GOOD 

Reserved 
INTERMEDIATE/CONDITION MET/GOCD 
Reserved | 


MEFOO FHOCO FRFROO! 


O0Aa0 
2000 
ae ee oll oe 
2000 
Moro. 


RESERVATION CONFLICT 
Reserved 
Reserved 
Reserved 


Dim wid pm bd A dt 


[0000 
Qoo0 6 
Mme he 
rt ee 
iItroOo 
weer 
bee seme. 





@e Key: R - Reserved bit (always zero). 
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A description of the status byte codes is given below: 


GOOD - This status indicates that the target has successfully 
completed the command. 


CHECK CONDITION - Any error, exception, or abnormal condition that 
causes sense data to be set, shall cause a CHECK CONDITION status. 
The REQUEST SENSE command should be issued following a CHECK 
CONDITION status, to determine the nature of the condition. 


CONDITION MET - The SEARCH DATA commands shall return this status 
whenever a search condition is satisfied. This status does not break 
a chain of linked commands. The logical block address of the logical 
block that satisfies the search ney be determined with a REQUEST 
SENSE command. 


BUSY ~ The target is busy. This status shall be sent whenever a 
target is unable to accept a command from an initiator. The normal 


initiator recovery action is to issue the command again at a later 
time. . 


INTERMEDIATE - This status shall be returned for every command ina <“ © 
Series of linked commands (except the last command), unless an error, « ~ 
exception, Or abnormal condition causes a CHECK CONDITION status or a 
RESERVATICN CONFLICT status to be set. If this status is not 

returned, the chain of linked commands is broken; no further commands 

in the series are executed. © 


RESERVATION CONFLICT - This status shall be returned whenever an SCSI 
device attempts to access a logical unit or an extent within a 


logical unit that is reserved for that type of access to another SCSI 
device. 
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APPENDIX A 


SCSI PROTOCOL ERROR HANDLING ELOW CHARTS 


ig , ean, 
a ee 
- \ 
\ < i 
a . q 
. 
een a! 


A@Qgia REV. 2789 COC 





iS MAGNETIC PERIPHERALS INC. iN G i N E E R ; N G | SPEC 64721700 


aCarnro! Oata Company cD 9 





SPECIFICATION zev e 


PAGE 212 





TWIN CITIES DISK DIVISION—— 





Glossary of Flowchart Abbreviations 


ATIN ~ ATTENTION signal on SCSI bus 
BDR - © BUS DEVICE RESET message 
BF = BUS FREE phase 
CMD ~ Command 
DISCON - DISCONNECT message 
ERR CD ~  Exrror Code in Request Sense byte 1a 
HDWE ERR - HARDWARE ERROR Sense Key 
ID - IDENTIFY message 
IDE - INITIATOR DETECTED ERROR message 
LUN = Logical Unit Number - 
MPE - MESSAGE PARITY ERROR message 
MR - MESSAGE REJECT message 
MSG - ¥Yessage 
NOOP ss = NO OPERATION message 
PAR ERR - Parity Error was detected during MESSAGE OUT phase 
RES = Any Reserved or unimplemented message code. 
(extended or non-extended) 
RP - RESET POINTERS message 
SDP - SAVE DATA POINTER message thes 
STR = SYNCHRONOUS DATA TRANSFER RREQUEST message —_ 
U.A. - Unit Attention condition : 


S127-1L O221D> 
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PLOWCHART 1. SELECTION MESSAGES 
TO. COMMAND PHAS (B) 
/ / f / 
/ _ABORT (BF) / / / 
/ | / YOOP f t 
/ eee, / | ee eee ee ee | 
/ j__ BDR 1 peser | (BP) uO / | {CLEAR CMD, DATA | | 
/ ¥O { aTru / |___ ABOR? |STATUS THIS | (Br) | 
/ TIM { of | JINTP/LUN | | 
SELECTED / |__2D |PROCESS | / { | 
\ | | IDENTIFY | \ ATIN } —_—. (BF) | 
\atry_ | \ ss | ee | 
\_) 48G1__ | OTHER Vm [iw ¢3F) = NL} sscl_i /48G.\ | 
t jourt{ | MmSsacZs sone jour! | ww / RESULT\_DONE/OK | 
(*1) | See aaa ee ay ae \CASES / 
} [MESSAGE OUT] PAIL (Br) { | 
|_ (PAR BRR) | RETRY |_ RETRY | 
| 
{ 
| 
| 
| 
| 





? 
l 
| 
} 
i i 
| Le 
i 
os? H 
| 
(PAR 322) | MESSAGE | FAIL (BF) 
{ 
i 
i 





l. MSG OUT may accept the next complete message (1 or 5 Bytes) or 
may accept and buffer all message bytes available while ATN is asserted. 


2. Retry 1s optional in these cases. If messages are buffered; discard. 


3. The MSG OUT retry sequence will insure that any buffered nessages are 
diccarded and that ATTM is false. 


4 | ff 
|_.}] Indicates a transmission to the Host. 
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PLOWCHART 2. COMMAND PHASE 


(3) 











ey ee Pears 
. | | Drscow |]_o/ (BP) 
FPOR_ALL A | , / |_ MESSAGE |] 
He LOR ERR) * Era ONCE - (ae) /DIPF HOST AND 
ABORT * ABORT - (BF) ea) / DISCON CX (QUEUE CD) 
BDR * RESET - (BP) | Gero | CMD ON / 
WOOP + CONTINUE / [MORE BYTES | | PROCESS _/ 
/10 BYTE i /-\ SAME HOST oR 
eee / COMMAND | {| ArTrN/ . . / \ DISCcOM NOT CK 
| GET lse | / i 7 f \ / \ 
(3)__ |] «BYTE OF | /s syTg | cers | $ / TAVALID \NO_/ (M)---\_, | SET BUSY |___/ TO STATUS 
|_ COMMAND | \ COMMAND |MORE BYTES | ai \ um? /.\ STATUS | \ PHASE 
\ | \ / \ yO Cw In 
\PARITY PARITY 4 | YES \ PROCESS __./ TO VALID 
\ERROR ERROR | | \ /¢ ~~ \ COMMAND PROCZSS 
\ i | \ / VALID COMMAND 
\ | “| \ f 
\ | “\ 
| \ { | \ INVALID COMMAND 
TDE * MR - (Cy) \ | | \ 
STR * MR - (Cy) eee ee, [ . \ | SBT | 
FR 7? (C) ‘\| \ \_.} ILLSGAL | 
MPE + RETRY ONCE - (BP) { | REQUEST | 
iD * MR = (Cy) i | SENSE XEy| { ie 
RES *@ MR - (Cy) | i \ 
(1) | 
{ / {. 
IDE * BP - (B) | Footie | 
STR * MR - (C,) I\ OST Acceprs pap |fwu/s is) | 
MR * MR - (Cy) 1 MSGS & ist RETRY |_éSG |) | 
MPB * MR - (Cy) [ | H 
Ip + MR - (Cy) [ | 
RES ° MR - (Cy) | i 
_ \ CMD CMPLT ONLY O8 | 
(3). : —(¢) RETRY FAILED | ser |__$ | S&T CHECK |__/To status 
IDE * MR - (Cy) [HOWE _ERR|  ¢ |CCND STATUS|  \PHASE 
STR * MR ~ (Cy) —— | 
MR * (M) | 
MPS * RETRY CNCE - (BP) (Cy) | SET SENSE KEY | { set Jl 
ID 7 MR - (Cz) j_s of ascet | [ERR cp | 
RES * MR - (Cy) 
ft : 
a 
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PLOWCHART 3. VALID COMMAND PROCESS 
| set | 
. | CHECK |___/ TO STATUS 
/ | CoNDITIOm| \ PHASE 
{ ser uP | /¥O RBQ |_STATUS | 
__.__.| CLEAR U.a.| | UA. | / SENSE C~w 
f is | 
f j 
NOT INQUIRY AND / 
UNIT aATry / 
PENDING / 
/ 
/ 
ee /¥WOQ DISCONNECT REQUIRED O8 / 
: \ INQUIRY OR UNTT / DISCONNECT MSG HOT OK / 
' \ APLN NOP PENDING / / 
\ / (Dp) 
f : \ Py 
< ( | \ DISCONNECT REQUIRED AND 
\DISCCNNECT MSG OK ie) 
\ 
\ Be Se /ATTY 
on OD \ | DISCOMNECT | | / (Br) 
ibe * MB = (C,) <n | 
STR © MR = (Cy) 
mm ~- (BD) (DO NOP DISCOMNECT) 
MPG © RETRY ONCE - (BF) (10) 
iD +R - (C,) | 
R23 * MR - (Cy) 
(10) 
IDB * MR - (Cy) \ S8LECTION 
STR * MR - (Cy) \ PAILED 
MR @ MR - (BF) \ (3F) 





MPR + RETRY ONCE - (BP) 
ID > MR - (Cy) 
ZES * MR - (Cx) 
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(8) (8) 
/ 


/ ETM AEN 
/ 
/__| DISCONNECT | | _/ 


ec RS 








DISCONNSCT REQUIRED (8) 
AND ALLOWED / 
| SOP f/f 
DISCONNECT NOT / |_MSG_ 1] 
REQUIRED OR § /SDP NESDED AND 
NOT ALLOWED / ADDW'L MSGS CK 


ao“ 


\ C4 COMPLETE 
\CULY ALLOWED 


a 
f a 


‘ 
| 
! 
| 
o 
f 


(7) (9 & 9°) (8) 

IDE * (F) IDE * MR - (C,) IDR * MR - (C,) 

STR > MR - (Cy) STR ® MR - (Cy) STR ~*~ MR - (Cy) 

MR * MB = (Cy) MR ° (Cy) OR (Cy) SR + CONTINUE 

MPZ > MR - (Cy) MPR * RETRY CNCE - (37) MP * RETRY ONCE - (BP) 
ID * MR —- (Cx) ID * MR - (Cy) ID * MR —- (Cy) 

RES * MR - (Cy) RES * MR - (Cy) RES * FR - (Cy) 
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PLOWCHART 5. DATA IN PHASE 








(12) (12) 
7 / 
/RTTH /ATTN 
: / / 
TO _.} SDP I) / Uj prsconnect(|_/ (BP) 
/-* STATUS f 4 l 1__ms¢__ | 
/ DISCONNECT REQUIRED (12) 
| / 
/ aATtN 
(H)_ | } sop |lw/ 
7 MMECE NOP / {_ Msc Ll \ 
> /SDP NEEDED AND | 
/ ADDW'L KMSGS OK | 
H ; | 
| 
ae { \ CMD COMPLETE 
k ( : \OULY ALLOWED l 
ae | | \ | 
; i { | 
| i 
\ | i 
| | | 
i ! 
{ 4 + 
\ / / 
mos om mers me 
IDB * (I) IDB * MR - (Cy) IDS * MR = (C,) 
STR * MR - (Cy) ST? * MR - (C,) STR * MR - (C,) 
MR MR ~ (Cy) Mm + (Cy) Ma + (H) 
MPR * MB ~ (CL) MPG * RETRY ONCE ~ (BF) MPH * RETRY ONCE - (BF) 
ID > MR - (C,) - ID 7 MR - (Cy) i * mR - (C,) 
RES * MR - (C,) RES + MR = (C,) RES @ MR = (Cy) 
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(16) (17) 
/ / 
ATTH/ en ens Aas /REEM 
f  ¢ cep \ [COMMAND {| / 
|. AM | SEND jj / / LINKED \_NO | COMPL2TE | | / (BF) 
| CHECK i \ & 'eoop’ / ¢ | SUS |} \CCRERND? / [MESSAGE | 
(f-2 ore Senne | \_LRESULT?/ | \ (CASE) / | | (17) 
| X83 | | xss / 
| | i eter tet ha /ATM 
Seater, SUTmnente | [LINKED | | / 
| SET | | | (NORMAL) [COMMAND | | / 
| INTERMEDIATE! | | | COMPLETE | | \ 
j | { j (17) \ 
| | / \ (B) 
i { ‘atta / TO GO 
(14) (15) | i ILINKZD || / / PHASE 
/ fi |_(PLAG BIE) jcommanyD {| / 
/ATU Jat | |COMPLETS |} 
/ i | WITH FLAG! | . 
(KX) | sem |) senp of} / / ( 
: | - 
(BP) | «DESELESCT GO 70] FINISH 
|_ BUS }8e8 } 
(24) (15) (16) (17) 
IDE * MR - CONTINUE IDE * 82 - CONTINUE IDS * (K) IF 1ST TRY Ing * R= (BF) 
STR * MR - CONTINUE STR * M2 - CONTINUE STR * MR - CONTINUE STR + MR - (BF) 
MQ 2 CONTINUE MRO? CONTINUE . - RQ ? CONTINUE mm 6 (BP) | 
MPE ~ RETRY ONCE - (BF) MPS * RETRY ONCE - (BP) MPS + MR - CONTINUE MPE * RETRY ONCE - (BF) 
1D + MR - CONTINUE ID ~ AR - CONTINUZ $$ * BR - CONTINUE 1 + MR - (2F) 
ZES + MR ~ CONTINUE RES + MR - CCNTINUZ RES * MR - CONTINUE RES + MR - (BF) 
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